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APPROACHES  TO  DtAliNG  WITH  MOTOR  VEHICLE  A)R  PQLLUTiON: 
Report  of  the  Subpanel  on  Transportation  System  Requirements  of 
the  Panel  on  Electrically  Powered  Vehicle* 

Edward  H.  Blum  * 

The  RAND  Corporation,  Santa  Monica,  California 


The  report  that  follows  was  written  as  one  of  six  subpane!  reports  com¬ 
prising  background  and  support  for  the  report  of  the  Panel  on  Electrically 
Powered  Vehicles.  **  It  appeared  originally  as  port  of  "The  Automobile  and 
Air  Pollution:  A  Program  for  Progress --Part  II,"  published  In  December  1967 
by  the  U.  S.  Government  Printing  Office. 


*Any  views  expressed  in  this  paper  are  those  of  the  author.  They  should 
not  be  interpreted  as  reflecting  the  views  of  The  RAND  Corporation  or  the 
official  opinion  or  policy  of  any  of  its  governmental  or  private  research  sponsors. 
Papers  are  reproduced  by  The  RAND  Corporation  as  a  courtesy  to  members  of 
its  staff. 

•*The  Panel  on  Electrically  Powered  Vehicles  was  appointed  in  January  1967 
as  a  study  group  under  the  Commerce  Technical  Advisory  Board  by  the  Secretary 
of  Commerce,  in  a  joint  sponsorship  agreement  with  the  Departments  of  Defense; 
Health,  Education  and  Welfare;  Housing  and  Urban  Development;  Interior;  Post 
Office;  and  Transportation;  the  Atom!  Energy  Commission  and  the  Federal  Power 
Commission.  Despite  its  name,  the  Panel  was  convened  for  the  broad  task  of 
finding  and  recommending  suitable  means  of  reducing  motor  vehicle  air  pollution. 
Its  charter  included  but  was  not  restricted  to  electric  vehicles.  More  specifically, 
the  Pane!  was  charged  to  survey,  evaluate,  and  compare  alternative  means  of 
reducing  vehicular  air  pollution,  and  to  recommend  appropriate  roles  for  the 
Federal  Government. 

The  report  of  the  Panel,  entitled  "The  Automobile  and  Air  Pollution:  A 
Program  for  Progress — Part  I,"  was  published  by  the  U.  S.  Government  Printing 
Office  in  October  1967.  The  subpanel  reports  were  collectively  published  in 
the  volume  from  which  this  report  was  reprinted.  The  five  other  subpanel  reports, 
which  complement  this  one,  cover  Air  Pollution,  Current  Automotive  Systems, 
Energy  Storage  and  Conversion  Systems,  The  Automobile  and  the  Economy,  and 
Automotive  Energy  Sources. 
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The  report  is  reprinted  hero  directly  from  the  original  collective  volume, 
retaining  that  volume's  pagination  and  including  its  entire  bibliography.  It  has 
been  reprinted  for  three  main  reasons.  First,  it  appears  to  be  of  interest  to  an 
audience  that  may  not  be  reached  by  the  original  volumr.  Second,  although 
not  a  formal  product  of  RAND  research,  it  represents  RAND's  growing  concern 
and  involvement  with  domestic,  social  problems.  Third,  although  definitely 
not  a  systems  analysis,  it  appears  to  offer  a  useful  example  of  how  a  systematic 
approach  may  help  structure  —  and  perhaps  clarify  —  a  complex  public  issue. 
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’A ho  Panel  member. 


INTRODUCTION  AND  OVERVIEW 

“Wtun  the  time  is  ran,  wul  the  future  become 
history,  it  will  tu‘  clear  haw  hlllc  of  ii  ht  Unlay  fore¬ 
saw  or  could  ftiresee,  How  then  can  nv  preserve 
hope  and  sensitiveness  which  could  enable  us  lu  take 
advantage  of  all  that  it  has  in  store?  Our  problem  is 
not  only  lo  face  the  somber  and  the  y rim  elements 
of  the  future,  but  to  keep  them  from  obscuring 
it,  .  .  . 

“[The  means]  of  doing  justice  to  the  implicit,  the 
impoiith ruble,  uml  the  unknown,  ...  is  sometimes 
called  style,  It  is  style  which  makes  il  possible  to  act 
effectively,  but  not  absolutely ,  it  is  style  which  .  .  . 
enables  us  to  find  a  harmony  between  the  pursuit  of 
ends  essential  lo  us  and  the  reyard  for  the  views ,  the 
sensibilities,  the  aspirations  of  those  to  whom  the 
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problem  mas  appear  in  another  light:  it  is  style  svllieh 
is  the  deference  that  action  pays  to  uncertainty;  it 
is,  above  all,  style  through  scinch  /sower  defers  to 
reason.'’ 

— J.  R.  Oppenheimcr 

Purpose  of  the  Report 

The  purpose  of  this  Subpanel  report  is  lo  develop 
-in  the  sense  of  the  above  ejuotation-a  style 'for 
vehicular  pollution  policy.  The  Subpanel  has  chosen 
as  its  task  complemciping  the  other  subpanels-  i.c„ 
treating  aspects  of  vehicular  pollution  not  directly 
concerned  with  specific  technology  and  corntruethm 
a  systematic  framework  within  which  the  vehicular 
pollution  problem  can  be  seen  and  analyzed 
whole. 


as  a 


no 


If  pan*  of  the  report  seem  abstract,  they  are  de¬ 
liberately  so  We  base  sought  to  free  many  ideas 
from  (he  anchors  of  current  information  We  have 
attempted  to  generalize  where  possible  in  the  hope 
of  discovering  or  illuminating  principles  that  -.v.ll  out¬ 
last  the  context  from  which  they  were  derived.  Much 
of  the  rest  of  (his  Panel  report  will  be  obsolete  in  a 
decade,  the  nature  of  technical  information  makes 
that  inevitable.  Wc  hope  ihv>t  this  Suhpancl  report 
will,  perhaps,  contain  ideas  anil  information  with 
longer  half-lives 

In  one  sense,  this  report  is  designed  to  serve  ns  a 
first  step  in  a  thorough  systematic  analysis.  It  is 
aimed  to  bring  tfk'  implicit  and  unknown  out  into 
the  glare  of  scrutiny  Within  its  limited  scope,  of 
course,  a  detailed  comparison  of  alternative  policies 
cannot  even  he  begun.  Such  comparison  must  await 
future  efforts  based  on  more  extensive  and  more 
complete  information.  Rather,  here  wc  attempt  to 
form  a  basis  for  action  and  sound  progress-to  de¬ 
velop  a  way  of  looking  at  vehicular  pollution  that 
may  help  shape  attitudes,  increase  sensitivities,  and 
guide  policies  now,  and  serve  as  a  basis  for  detailed 
investigation  in  the  future.  We  hope  also  to  stimulate 
thinking  and  research  on  the  many  questions  raised 
here  that  cannot  now  be  answered. 

Overview 

The  Suhpancl  report  contains  five  sections  (in 
addition  to  this  one)  and  a  three-part  appendix.  The 
first  section  discusses  briefly  the  nature  of  pollution 
control  objectives.  The  next  section,  somewhat 
longer,  discusses  the  structure  and  character  of  pollu¬ 
tion  control  analysis.  It  reviews  some  of  the  problems 
encountered  in  policy  analysis  and  describes  the 
structure  of  systematic  analysis  that  is  followed  in 
the  remaining  sections. 

The  third  section  then  develops  evaluation  cri¬ 
teria.  It  examines  policy  constraints,  criteria  for 
pollution  control  and  costs,  and  criteria  imposed  by 
administrative  and  economic  considerations.  Two 
quantitative  models  (developed  in  appendices  1  and 
2;  arc  presented  t«'  tic  together  aspects  of  pollution 
control. 

The  fourth  section  presents  a  broad  spectrum  of 
alternatives,  and  draws  upon  the  criteria  for  evalua¬ 
tion.  It  also  examines  possible  impacts  of  pollution 
control  policies  on  the  national  economy  and  on  the 
disadvantaged  and  poor. 

The  fifth  section  discusses  uncertainties.  It  ex¬ 
amines  their  policy  implications,  outlines  some  areas 
for  research,  and  suggests  approaches  to  system  ex¬ 
perimentation. 


fOUCY  OBJECTIVES 

This  section  examines  the  bases  anil  objectives 
for  vi  hicular  pollution  control.  Its  purpose  is  to  ex¬ 
plicate  the  nature  of  the  policy  problem  and  to  sc! 
the  stage  for  the  more  detailed  chapters  that  follow, 
The  section  is  divitlctl  into  two  parts,  which  cover 
(  1  I  differences  between  private  and  collective  views 
and  (2)  objectives  for  vehicular  pollution  control. 
Differvners  Between  Privnte  and  Collective  Views 

It  might  be  said,  with  regard  to  policy,  that  vehic¬ 
ular  air  pollution  arises  mainly  because  of  discre¬ 
pancies  between  private  and  collective  points  of  view. 
It  is  well  known  that  unwanted  effects  *  such  as  air 
pollution  may  arise  whenever  market  forces  alone 
are  insufficient  to  make  individuals  bear  all  the  costs 
resulting  from  their  actions.  Without  control  policies, 
the  air  is  used  as  if  there  were  no  costs  from  pollu¬ 
tion,  and  air  pollution  tends  to  rise  to  levels  consid¬ 
ered  socially  undesirable. 

What  has  not  been  made  clear  in  the  literature 
is  that  the  problem  is  really  even  worse.  There  is 
not  only  no  incentive  for  individuals  not  to  pollute, 
but  there  are  actually  forces  discouraging  (he  adop¬ 
tion  of  controls.  This  situation  arises  been  w 

(a)  At  low  levels  of  control,  each  individual  secs 
the  cost  of  control,  but  sees  no  benefits.  Each  one 
says  to  himself.  “This  action  costs  me  money,  but 
what  do  I  gain  unless  everyone  else  does  it  too?" 
Unless  some  mechanism  for  encouraging  or  forcing 
cooperation  is  set  up,  individuals  tend  to  view  money 
spent  on  pollution  control  strictly  as  cost.  If  an  in¬ 
dividual  di>es  not  spend  the  money,  then  insofar  as 
he  can  determine,  pollution  docs  not  get  worse.  If 
he  does,  then  also  insofar  as  he  can  determine,  it 
gets  no  better.  Thus,  he  has  little  reason  to  adopt 
pollution  controls.  In  this  sense,  the  vehicular  pollu¬ 
tion  problem  has  elements  in  common  with  the  prob¬ 
lems  of  traffic  congestion  and  farm  surplus  (where 
there  are  similar  discrepancies  between  individual 
and  collective  viewpoints),  and  is  one  of  a  class  of 
problems  known  in  philosophy  and  mathematics  us 
the  "prisoners’  dilemma.” 

(b)  At  high  levels  of  control,  each  individual  secs 
little  gain  from  continuing  his  pollution  control,  and 
little  loss  from  stopping  it.  Air  is  an  indivisible  re¬ 
source,  a  quantity  like  defense  and  law  and  order 
that  cannot  be  denied  to  those  who  do  not  pay  for  it. 
Thus  each  person  shares  in  the  benefits  of  pollution 
control  whether  he  contributes  to  it  or  not.  Those 
who  do  not  wish  to  contribute  have  the  chance,  then. 

*  In  economics  the. ie  rffren  are  termed  "Mental  dit 
economies," 


Ill 


to  gel  a  “free  rMe“  l *s  hulling  flair  spending  on 
eonirol.  As  long  as  everyone  else  docs  not  do  the 
same,  they  pel  the  lu-nefits  of  eleaiier  air  without 
direct  cost.  Polity  then  lias  the  job  of  ensuring  (hat 
there  are  not  many  flee  rides,  (or  if  there  are  too 
many,  the  system  will  break  down,  and  pollution 
control  will  he  lost 

Pollution  control  policy  thus  must  counterbalance 
a  basically  unstable  situation  No  matter  which  direc¬ 
tion  pollution  control  moves  from  a  given  level,  the 
discrepancies  between  private  and  collective  stews 
may  had  to  slackening  or  dropping  of  individual 
control  efforts,  ff  general  contiol  improves,  some 
people  may  seek  free  rides.  If  general  control 
worsens,  some  may  decide  not  to  bother. 

The  solution  to  this  dilemma  is  to  ensure  that  the 
collective  view  predominates.  For  vehicular  pollution 
this  solution  h  somewhat  easier  to  achieve- in  one 
rcspect-than  it  is  for  industrial  pollution,  because 
t '  a  substantial  degree  polluters  are  imposing  costs 
(or  "externalities")  reciprocally  on  each  other.  It 
;s  'hm  .a  to  make  clear  to  each  vehicle  driver 
diat  he  may  gain  if  he  stops  polluting,  whereas  in 
industrial  pollution  it  is  not  always  clear  what  any 
one  company  can  gain  from  reducing  its  diluent. 
The  solution  is.  on  the  other  hand,  also  harder  to 
achieve  than  that  for  industrial  pollution  because  the 
number  of  vehicular  polluters  that  must  he  brought 
into  the  collective  view  is  extremely  large. 

Objectives  For  Vehicular  Pollution  Control 

Vehicular  air  pollution  is  one  of  the  undesirable 
by-products  of  operating  the  transportation  system. 
It  is  produced  concomitantly  with  the  desirable  serv¬ 
ices  that  the  system  performs.  A  consideration  in 
vehicular  pollution  control  policy,  therefore,  is  main¬ 
taining.  improving,  or  at  least  not  seriously  degrading 
the  desirable  features  of  the  transportation  system 
while  minimizing  pollution.  More  formally,  one  might 
say  that  reducing  desirable  attrihutes  of  the  trans¬ 
portation  system  would  result  in  social  costs  which 
would  have  to  be  weighed  against  the  benefits  of 
reducing  air  pollution. 

Pollution  control  policy,  thus,  must  not  he  guided 
solely  by  the  objective  of  eliminating  pollution.  If 
that  objective  were  it'  he  interpreted  literally,  it 
would  imply  that  the  best  policy  would  be  to  forbid 
use  of  the  internal  combustion  engine  or  of  any  other 
engine  that  produced  emissions.  Pollution  control 
policy  has  multiple  objectives  which  it  must  attempt 
to  satisfy  as  best  it  can. 

If  costs  of  pollution  and  the  benefits  to  be  gained 


bv  its  reduction  could  all  he  reduced  to  simple 
monetary  terms,  then  one  might  hope  to  formulate 
as  a  polity  objective:  maximize  the  net  of  benefits 
minus  costs,  subject  to  the  constraints.  Many  of  the 
so-called  costs  ol  pollution,  howe'er,  arc  "humane" 
costs  that  do  not  easily  lend  themselves  to  monetary 
valuation. '  i  he  esthetic  discomforts  caused  by  pollu¬ 
tion,  the  continual  irritation,  the  loss  of  work  clli- 
eienev  may  lx'  rellected  in  expenditures  for  comfort, 
pleasure,  and  freedom  from  discomfort,  but  arc  not 
totally  measured  hy  them.  Some  of  the  “humane" 
costs  are  detractions  from  what  “makes  life  worth 
iising."  the  cost  are  subtle,  subjective,  and  not  al¬ 
ways  even  well  articulated.  They  reflect  basic  values, 
and  not  every  value  has  a  price. 

Thus,  as  the  sections  on  Structure  and  C  haracter 
of  Analysis  and  Criteria  show  in  much  more  detail, 
there  is  no  one  simple  statement  of  objectives 
for  pollution  control  that  satisfies  the  diverse  ends 
any  control  policy  must  meet.  There  is  no  one  simple 
index  that  can  he  optimized.  Policy  must  take  into 
account  a  very  large  and  complex  set  of  considera¬ 
tions.  It  is  bounded  hy  many  constraints  >nd  gov¬ 
erned  hy  dozens  of  criteria.  Only  one  simple  state¬ 
ment  of  objectives  is  likely  to  gain  wide  agreement. 
That  is.  simply.  "Do  belter." 

STRUCTURE  AND  CHARACTER  OE 
ANALYSIS 

The  purpose  of  this  section  is  two-fold:  to  develop 
the  character  and  structure  underlying  the  more 
specific  analysis  in  later  sections  of  this  report  and 
to  establish  a  basic  framework  and  perspective  that 
might  be  useful  in  future  analyses  of  the  vehicular 
pollution  problem. 

In  this  section  we  (  I )  examine  features  of  the 
problem  that  make  analysis  difficult:  (2)  point  out 
some  of  the  pitfalls  these  features  can  lead  to  in  anal¬ 
ysis;  and  <3)  describe  a  method  of  systematic  anal¬ 
ysis  that  may  take  these  difficulties  into  account.  The 
systematic  structure  and  approach  developed  in  this 
section  is  then  used  in  the  remainder  of  the  report 
to  guide  the  analysis  and  to  indicate  areas  where 
synthesis  (i.c.,  new  ideas  for  solution)  might  be 
especially  fruitful. 

Features  That  Make  Analysis  Difficult 

T'.e  problem  or  problems  resulting  from  motor 
vehicle  air  pollution  can  be  viewed  in  a  number  of 

'The  jndyeinent  that  all  things  can  hr  reduced  to  econo- 
mic  terms  represents  it  definite  (utid  nut  widely  shared)  set 
ol  values. 
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ways.  A  popular  view,  for  example,  is  that  the  prob¬ 
lem  is  basically  too  many  cars,  trucks,  anil  buses 
emitting  too  much  exhaust  in  loo  small  an  area,  anil 
that  the  solution,  therefore,  must  be  either  !  a )  fewer 
polluting  vehicles  (c.g.,  substituted  mass  transporta¬ 
tion  or  electric  vehicles),  (. b)  less  exhaust  per  vehicle 
(c.g.,  emission  controls  on  the  internal  combustion 
engine),  (c)  fewer  vehicles  in  the  same  area  at  the 
same  time  (e.g.,  traffic  restrictions),  or  (d)  some 
combination  of  these.  There  is  much  to  commend  in 
this  characterization— especially  its  brevity— but.  as 
the  preceding  subpanel  reports  huve  shown,  the 
problem  has  many  more  dimensions  and  is  a  good 
deal  more  complicated. 

Unfortunately  for  the  analyst  and  the  formulator 
of  policy,  acknowledging  this  complexity  and  at¬ 
tempting  to  deal  with  it  open  a  Pandora's  box  of 
analytical  problems.  It  would  be  easiest  to  adopt  the 
simplest  view,  assume  that  the  current  line  of  action 
—pursued  to  the  point  where  it  exhausts  its  political 
credit— is  the  best  course,  and  focus  full  attention  on 
the  means  of  completing  that  course  most  quickly. 
Yet,  because  vehicular  air  pollution  is  a  serious 
problem,  and  it  is  not  clear  that  the  current  program 
of  action  will  be  able  to  solve  it.  on  a  problem  this 
important  the  public  deserves  a  more  searching  and 
extensive  view. 

Analysis  is  more  difficult  than  the  above  descrip¬ 
tion  suggests  essentially  because  motor  vehicle  air 
pollution  and  its  proposed  remedies: 

(a)  involve  both  people  and  technology,  and  the 
complex  interactions  between  them 

(b)  affect  latgc  numbers  of  people  directly,  in 
multiple  (and  often  unknown)  ways 

(c)  entail  costs  to  consumers  that,  in  aggregate, 
may  be  quite  large 

(d)  involve  technology  for  which  performance 
and  economics  are  still  quite  uncertain 

(e)  have  important  implications  for  the  future  as 
well  as  for  the  present. 

To  see  how  these  characteristics  are  important,  it  is 
useful  lirst  to  bring  into  perspective  the  nature  of 
the  motor  vehicle  air  pollution  problem. 

Suture  of  lljf  Problrni 

Vehicular  air  pollution  is  only  one  element  of  the 
total  complex  of  urban  problems.  To  place  it  in  con¬ 
text.  therefore,  and  to  see  relations  between  various 
contributing  factors,  it  may  he  useful  to  examine  the 
following  simplified  chain  of  events: 

(a)  Metropolitan  form  (e.g.,  the  spatial  relation¬ 
ship  of  homes  to  jobs,  and  to  shopping,  recreational 


and  cultural  facilities),  income  levels,  and  the  char¬ 
acteristics  of  the  transportation  system  strongiy  in- 
lluence  the  over-all 

(b)  Demand  for  transportation,  of  which  part  is 

(c)  Demand  for  motor  vehicle  transportation 
(automobiles,  trucks,  buses).  This  demand  can  be 
div  ided  into  commercial  and  individual  components 
which  have  different  determinants.  The  detailed  de¬ 
mand  results  in  a  flow  which  is  manifested  as  a 

(d;  Distribution  of  vehicle-miles  and  speeds 
driven  in  particular  ureas.  The  distribution  of  speeds 
and  distances  driven  determines,  to  a  Urge  extent, 
the  motor  vehicle  power  that  must  be  produced. 

(e)  To  supply  power,  fuel  is  supplied  to  vehicles. 
Part  of  the  fuel  evaporates  ( mainly  from  the  car¬ 
buretor  and  the  gas-tank)  without  being  burned, 
and  goes  directly  into  the  atmosphere.  The  rest  goes 
into  the  engine  where  the 

(f)  Over-all  performance  of  the  engine-fuel  system 
determines  the  amounts  emitted  as  carbon  dioxide, 
water,  eat  bon  monoxide,  nitrogen  oxides,  lead  com¬ 
pounds.  unburned  hydrocarbons,  reacted  hydrocar¬ 
bons,  sulfur  oxides,  and  miscellaneous  other  sub¬ 
stances.  These  emissions  go  into 

(g)  The  atmosphere  immediately  surrounding  the 
vehicle,  where  very  local  atmospheric  conditions 
determine  the  immediate  disposition  of  the  pollu¬ 
tants.  Local  convection  and  diffusion  merge  the  emis¬ 
sions  into 

(h)  The  local  atmosphere,  where  micro-meteo¬ 
rological  conditions  (what  might  be  termed  small- 
scale  weather)  determine  the  local  pollutant  con¬ 
centrations  At  this  point  drivers  and  people  living  or 
working  very  near  the  street  or  highway  may  be 
exposed  to  pollutants  in  high  concentrations.  From 
the  local  atmosphere,  larger  scale  convection  (and 
some  diffusion)  carries  the  pollutants  into  the 

(i)  Regional  atmosphere,  where  the  pollutants 
may  contribute  to  area-wide  haze,  or  on  exposure  to 
intense  sunlight  (often  aided  by  atmospheric  inver¬ 
sions)  form  photochemical  smog.  If  the  region  in¬ 
cludes  a  city,  convection  cells  around  the  city 
(arising  from  the  temperature  differences  between 
the  city  and  surrounding  countryside)  may  give  rise 
to  "dust  domes"  that  contain  pollutants  and  alter 
the  local  climate.'"'  Beyond  the  region,  largcr-seale 
atmospheric  motions  carry  pollutants  into  the 

(j)  General  atmosphere,  where  they  may  influence 
large-scale  weather  patterns  ,nd  be  dispersed  around 
the  country  and  around  the  world. 

The  steps  in  this  chain  of  c  rents  thus  can  Le  sum¬ 
marized  as:  Social  and  Economic— Technological 
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Meteorological.  AH  steps  in  the  chain  from  (a) 
through  (h)  are  important  in  creating  the  vehicular 
pollution  problem. 

Once  created,  vehicular  air  pollution  has  the  fol¬ 
lowing  characteristics; 

•  It  contaminates  a  precious,  slowly  regenerated 
resource  with  substances  that  arc  offensive  and  harm¬ 
ful  to  human  beings  and  harmful  to  some  of  their 
agriculture  and  property. 

•  It  affects  individual  members  of  the  public 
directly,  by  hindering  their  vision,  assaulting  the'r 
sensitive  tissues  and  sense  of  smell,  and  by  affecting 
(often  implicitly)  property  values  in  areas  where 
polution  is  severe. 

•  The  contaminated  fluid  is  highly  mobile  and 
thus  can,  often  unpredictably.  affect  areas  remote 
from  the  original  sources. 

•  The  degree  of  contamination  and  the  severity 
of  its  effects  varv  considerably  with  meteorological 
conditions,  both  spatially  and  from  hour  to  hour. 
Because  air  is  mobile  and  pollution  effects  depend  on 
immediate  local  weather,  even  areas  that  have  no 
noticeable  problems  may  have  serious  latent  prob¬ 
lems  if  sufficient  sources  exist. 

•  The  continuing  sources  of  contamination  arc 
widely  distributed,  mobile,  and  (for  the  most  part) 
owned  and  operated  by  individuals.  Individual  ac¬ 
tions  and  choices  contribute  directly  to  the  problem 
and  arc  affected  directly  by  attempts  to  solve  it. 

Social-Technical  Interactions 

Motor  vehicle  air  pollution  thus  results,  t^s  a  seri¬ 
ous  problem,  not  from  technology  alone  but  from 
an  intimate  interaction  between  social  and  economic 
factors,  technology,  and  meteorology.  Its  solution  is 
at  least  as  complex.  It  may  appear  easiest  (and  pos¬ 
sibly  most  fruitful)  to  concentrate  on  purely  techno¬ 
logical  solutions-  what  Alvin  Weinberg  has  called 
the  “technological  iix"— because  technology  is  more 
susceptible  to  quick  and  controllable  change  than 
social  and  economic  factors  or  meteorology.  But, 
because  of  the  nature  of  the  problem,  the  amenabil¬ 
ity  of  technology  is  largely  relative;  technological 
changes  must  interact  closely  with  social  and  eco¬ 
nomic  considerations. 

New  transportation  technology  (i.e..  mass  trans¬ 
portation,  electric  or  steam  vehicles,  or  pollution- 
control  applied  to  the  internal  combustion  engine) 
affects  directly  individual  members  of  the  public,  who 
must  as  individuals  pay  for  it,  use  and  live  with  it. 
maintain  it  (in  the  ease  of  individual  vehicles),  suffer 
from  Us  defects,  and  only  indirectly  share  in  its  pol¬ 


lution-control  benefits.  Furthermore,  these  individ¬ 
uals  must  continue  to  support  application  of  the  tech¬ 
nology  through  their  legislative  representatives,  who 
must  approve  its  requirement  and  appropriate  money 
for  pollution-control  administration, 

Pollution-control  technology  is  thus  subject  to 
evaluation  by  social  and  economic  criteria,  and  sub¬ 
ject  to  limitation  by  complex  social  and  institutional 
constraints.  Moreover,  where  technological  possi¬ 
bilities,  performance,  costs  or  development  time  are 
uncertain,  the  uncertainties  must  be  interpreted  in 
light  of  their  possible  social  and  economic  implica¬ 
tions.  Yet  these  social  criteria,  constraints,  and  im¬ 
plications  that  influence  technological  development 
are  themselves  influenced  by  the  characteristics  of 
the  technological  alternatives  that  the  public  and 
governmental  dccision-makcts  perceive  to  he  avail¬ 
able. 

Between  technological  and  social  considerations 
there  thus  is  a  closed  loop,  wherein  each  feeds  back 
to  influence  the  other.  In  analyzing  possible  solutions 
to  the  motor  vehicle  pollution  problem,  technical  and 
social  considerations  cannot  be  divorced.  Conclu¬ 
sions  derived  from  considering  only  one  or  the  other, 
or  both  separately,  arc  likely  to  he  misleading,  if  not 
erroneous.  First,  the  assumptions  and  values  inherent 
in  purely  technical  and  social  analyses  are  quite  dif¬ 
ferent,  indeed  often  conflicting,  and  rarely  explicitly 
stated.  Thus,  meshing  the  results  of  separate  tech¬ 
nical  and  social  considerations  without  dealing  with 
the  interactions  is  likely  to  lead  to  plans  and  policies 
bese:  by  internal  contradictions  and  inconsistencies.* 

■  ■  icul  puekaye  consistiny  of  many  components 
may  be  (  <1  often  is)  assembled  and  optimized'  t tccordiny 

in  i  menu  quite  iimwiputihle  with  those  desired  socially  or 
politically — i.y.,  minimum  short -tarn  direct  cost  (iynoiiny 
benefits,  bniyOenu  costs,  and  imlireel  * social '  costs),  technical 
cllicicncy  (tclalcd  usually  to  line  sauce  input,  iymu  iny  all 
oilier  sauce  inputs  and  the  costs  and  benefits  ttf  outputs ), 
'Iiuximum  production,  etc.  teen  if  the  critetiil  are  explicitly 
staled,  which  they  often  are  not,  they  arc  so  different  from 
the  criteria  used  ordinal ily  [for  sinful  fudymem)  (cquilu- 
bilii),  benefits  to  special  pumps,  scope  for  individual  initia¬ 
tive.  etc.)  and  use  such  different  scales  linn  recoin  iliny 
discrepancies  is  extremely  difficult. 

first,  it  is  often  hard  to  recognize  silicic  conflicts  exist, 
because  the  criteria  are  expressed  in  different  terms  which 
te/er  to  diflereiil  value  systems.  Second,  since  the  technical 
und  sin  all  alletnatives  me  usually  ofleied  us  complete 
packages,  within  which  eompunnises  and  tiade-offs  have 
been  made  according  to  ill e  respective  Uhifcrcul)  criteria,  it 
is  dilhatll  to  extract  fioni  the  loml  packages  purls  compati¬ 
ble  with  O',  i  / -ill l  ciitcnu.  levi  n  if  one  can  dissect  the  dif¬ 
ferent  patknyes  hi  obtain  compatible  purls,  one  has  no 
assurance  lino  the  puns  will  function  well  layeihct  us  u 
system."  (Quoted  ftum  Kef.  25). 
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Such  products  may  satisfy  neither  the  technical  nor 
the  social  objectives,  and  may  be  quite  undesirable. 

Second,  and  perhaps  even  more  basic,  considering 
technical  and  social  aspects  separately  is  likely  to 
prevent  proper  definition  of  the  real  problem  to  be 
solved.  Those  who  evaluate  non-tcchnological  as¬ 
pects  or  the  problem  often  arc  inclined  to  accept  the 
statement  of  the  technical  problem,  and  the  ‘'feasi¬ 
ble"  solutions,  as  given.  Similarly,  engineers  arc  in¬ 
clined  to  regard  the  statement  of  the  non-tcchnica! 
part  of  the  problem  also  as  given,  and  hence  exempt 
from  questioning  or  reformulation.  Thus,  the  most 
important  parts  of  the  problem  statement  may  fdl 
between  them,  accepted  by  both  without  questioning 
as  the  other’s  concern.2’ 

htditidtul  Effect i  and  Costs 

The  main  effects  of  vehicular  air  pollution  on  indi¬ 
viduals  can  be  categorized  as  discomfort  (c.g.,  physi¬ 
cal  discomfort,  depression,  dissatisfaction  with  un¬ 
pleasant  aesthetic  and  biological  effects),  medical 
(e.g.,  possible  effects  of  carbon  monoxide,  oxidants, 
hydrocarbons,  lead,  etc.),  and  economic  (c.g.,  dam¬ 
age  to  property  and  crops,  work  lost  and  or  costs 
incurred  through  illness  or  condition  aggravated  by 
pollution,  decreased  work  efficiency  due  to  discom¬ 
fort). 

The  discomfort  effects  of  vehicular  pollution  arc 
difficult  to  evaluate  mainly  because  they  arc  strongly 
associated  with  those  resulting  from  other  aspects 
of  urban  living— especially,  one  might  surmise,  with 
those  resulting  from  other  forms  of  air  pollution. 
Not  only  is  it  hard  for  most  people  (except,  perhaps, 
in  Los  Angeles)  to  isolate  the  features  of  their  dis¬ 
comfort  and  dissatisfaction  that  might  be  attributable 
to  vehicular  pollution,  but  given  our  present  state  of 
knowledge,  it  is  also  extremely  difficult  for  doctors 
and  scientists  to  single  out  wh.it  vehicular  pollution 
contributes  to  the  general  causes  of  distress.  Discom¬ 
fort  effects,  in  general,  are  very  probably  com¬ 
pounded  and  non-additive. 

Even  it  it  were  possible  to  single  out  the  discom¬ 
fort  effects  of  vehicular  pollution,  it  would  still  be 
difficult  to  assign  values  to  them.  The  discomfort 
effects  are  clearly  significant;  people  attach  consid¬ 
erable  importance  to  comfort  and  satisfaction  (as 
almost  any  collection  of  current  advertisements  will 
attest).  The  problem  is  determining  how  important 
they  are,  and  how  much  they  may  change  as  vehic¬ 
ular  pollution  levels  are  reduced.  In  theory,  at  least, 
such  measurable  indices  as  residential  property 
values,  frequencies  of  pollution-escaping  weekend 


trips,  and  sales  of  "comfort"  medicine  might  serve  as 
proxies,  but  these  arc  so  strongly  associated  with 
many  other  factors  that  even  reliable  correlations 
with  vehicular  pollution  may  be  difficult  to  obtain. 

Chronic  medical  effects  also  pose  some  difficult 
measurement  problems.  For  some  pollutants-e.g., 
lead-  baseline  data  from  the  years  before  the  pol¬ 
lutant  was  introduced  in  significant  amounts  are  in 
sufficient  to  permit  the  analysis  of  long-term  trends. 
For  others,  not  enough  data  for  selected  populations 
over  a  long  period  of  time  have  yet  been  collected. 
For  still  others,  it  has  not  been  established  just  what 
chronic  effects  should  be  measured,  or  how  much  of 
the  effects  that  have  been  measured  can  be  attributed 
to  vehicular  pollution.  As  the  report  of  the  Subpancl 
on  Air  Pollution  shows,  knowledge  of  acute  effects 
is  more  complete,  bui  interpretations  are  not  yet  well 
agreed  upon. 

Careful  evaluation  of  economic  effects  has  just 
begun,  and  many  serious  methodological  problems 
remain.* 

For  pollution  control,  some  of  the  individual  ef¬ 
fects  and  costs  of  pollution  control  modifications  and 
fuel  changes  for  the  internal  combustion  engine 
should  be  clear,  as  should  (at  least  statistically)  the 
costs  of  maintaining  the  pollution-control  changes, 
and  the  benefits  from  reduced  fuel  consumption.  The 
effects  of  changed  motor  vehicle  performance  char- 
acteristics-or  of  the  different  characteristics  of  elec¬ 
tric  or  steam  vehicles,  should  they  be  introduced  in 
significant  numbers— will  be  less  simple  to  determine. 
Even  more  difficult  may  be  determining  the  effects 
and  costs  of  the  re-allocation  and  redistribution  of 
resources  ensuing  from  pollution-control  regulation. 
There  may  be  noticeable  effects  on  the  economy  and, 
perhaps,  on  certain  groups  such  as  the  poor. 

Since  more  than  80  million  vehicles  ultimately  will 
be  affected  by  pollution  control  measures,  the  aggre¬ 
gate  amount  of  resources  involved  in  pollution  con¬ 
trol  will  be  large.  If  the  costs  were  to  be  SI 5  per 


*See,  for  example,  R.  C.  Ridker,  Economic  Costs  of  Air 
Pollution:  Studies  in  Measurement,  Frederick  A.  Pretegcr, 
New  York,  JVf>7. 

R.  G.  Ridker  and  J.  A.  Henning,  " The  Determinants  of 
Residential  Property  Values  .t ith  Special  Reference  o  Air 
Pollution, "  Review  of  c.conomics  utid  Statistics,  4  .  246- 
257  (1967). 

If,  IVolazin  (Fd.),  The  Economics  of  Air  Pollution ,  W. 
W.  Norton,  New  York,  1966. 

The  Ridker  hook  and  paper  do  not  deal  with  vehicular 
pollution,  hut  the  analytical  methmh  and  problems  are  not 
polIuituJ-spccific.  The  papers  in  the  Wofozin  collection  are 
more  general,  but  illustrative. 
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vehicle  in  present  value,  for  example,  the  aggregate 
amount  involved  would  exceed  SI  billion.  And.  as 
the  Subpancl  on  the  Automobile  and  the  Economy 
has  shown,  the  total  output  affected  by  the  changes 
(though  in  some  eases  perhaps  only  slightly)  repre¬ 
sents  a  sizeable  share  of  the  Gross  National  Product. 
Thus,  the  economic  implications  of  alternative  ap¬ 
proaches  deserve  close  scrutiny.  Yet  rather  than  good 
information  on  the  costs  involved,  we  now  have  but 
broad  indications. 

Technological  V ncertainlies 

The  ultimate  limits  of  internal  combustion  pollu¬ 
tion  control  arc  not  now  known;  nor  are  the  cost  and 
time  required  to  achieve  them.  And  it  is  not  known 
whether  these  ultimate  limits,  if  achieved,  would  be 
truly  satisfactory.  Although  internal  combustion  pol¬ 
lution  control  is  likely  to  prove  the  best  short-term 
(i.c.,  1-15  years)  technological  approach,  it  may  not 
be  good  enough  for  the  long  term.  As  the  report  of 
the  Subpanel  on  Current  Automotive  Systems  shows, 
there  is  still  considerable  uncertainty  about  the  de¬ 
gree  to  which  specific  pollutants  can  be  controlled, 
and  about  the  tradeoffs  that  may  have  to  be  made- 
e.g.,  between  lead  and  catalysts,  between  fuels  and 
engine  design,  between  hydrocarbons  and  oxides  of 
nitrogen.  It  is  not  known  with  certainty  what  tech¬ 
nology  will  be  needed  to  achieve  emission  levels 
below  those  currently  envisioned,  nor  is  it  known  what 
the  cost-time  relations  for  research  and  development 
might  be.  It  is  a  j  uncertain  how  various  pollution- 
conlrcii  modifications  might  affect  motor  vehicle 
operating  economy  and  performance. 

With  rcg.  rd  to  new  kinds  of  vehicles  (e.g..  steam 
or  electric)  many  basic  technical  problems  remain 
to  be  solved,  and  there  remain  many  serious  ques¬ 
tions  about  performance  and  cosls-as  the  report  of 
the  Subpanel  on  Energy  Storage  and  Conversion  Sys¬ 
tems  shows.  In  some  areas,  even  relatively  basic 
scientific  research  may  need  to  be  done,  so  that  it  will 
be  difficult  to  make  even  enlightened  conjectures 
about  possible  technological  characteristics. 

Moreover,  there  a  c  uncertainties  about  the  im¬ 
plications  of  some  possible  changes  for  other  aspects 
of  the  general  pollution  problem;  Air  pollution  is.  of 
course,  only  one  of  the  undesirable  products  of  the 
transportation  system.  Changes  directed  at  reducing 
air  pollution  can  also  affect  the  system's  other  prod¬ 
ucts.  If  vehicle  bodies  were  to  be  made  of  plastic  to 
reduce  weight  and  improve  performance,  for  exam¬ 
ple,  they  might  eventually  he  cheaper  and  easier  to 
produce  than  metal  bodies,  but  harder  to  dispose  of 
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when  the  vehicle  had  outlived  its  usefulness,  unless 
scrap  plastic  could  be  found  to  have  some  value  or 
be  easily  disposable, 

lutplicalioui  for  the  future 

Resolving  major  uncertuinties-such  as  those  con¬ 
cerning  chronic  medical  effects,  feasibilities  of  ad¬ 
vanced  technology,  public  acceptability  of  changes 
in  transportation  (e.g..  engines  to  use  lower-octane 
unleaded  gasoline,  electric  vehicles,  dual-mode  sys¬ 
tems).  and  economic  redistribution  etfects-may  take 
u  long  time.  Until  these  uncertainties  are  satWfucutrily 
resolved,  or  rendered  irrelevant  by  advances  now 
unforeseen,  there  is  always  a  possibility  of  signili- 
cant  "hidden  effects"  that  may  be  discovered  and 
understood  only  after  they  have  resulted  in  significant 
harm.  Thus,  analysis  (and  subsequent  policy)  must 
attempt  to  lake  into  account  possible  risks. 

Moreover,  some  of  the  changes  introduced  for  pol¬ 
lution  control  may  have  long-lived  effects,  no'  all  of 
which  may  be  beneficial.  Wc  must  try  to  be  trtain 
we  do  not  replace  one  serious  problem  with  another. 

There  is  also  a  problem  of  designing  evolutionary 
strategies  to  take  account  of  increasing  knowledge. 
Permissible  radiation-exposure  levels,  for  example, 
have  decreased  steadily  since  1945  as  more  knowl¬ 
edge  of  radiation  effects  has  accumulated.  If  permis¬ 
sible  pollutant  levels  were  similarly  to  decrease  over 
twenty  years,  long-term  developmen’  now  being 
planned  might  yield  products  that  become  obsolete 
just  as  they  become  "successful."*  Analysis  cannot 
assume,  therefore,  a  fixed  level  of  permissible  pollu¬ 
tion  or  even  a  fixed  program  of  reduction.  Learning 
must  be  accounted  for-in  objectives,  in  analysis,  and 
in  policies. 

Further,  it  is  apparent  that  decisions  made  now 
may  both  restrict  and  expand  opportunities  available 
in  the  future.  Present  commitments  may  limit  future 
options;  thus,  "preservation  of  future  freedom  of 
choice"  may  need  to  be  an  important  criterion  for 
evaluating  major  commitments.  Similarly,  current 
programs  may  need  to  be  laying  better  foundations 
for  the  future  by  acquiring  information,  monitoring 
projections,  and  conducting  important  experiments. 
Analysis  cannot  afford  to  focus  entirely  on  the 
present. 

' Such  unplanned  obsolescence,  ihoupli  often  met  in  the 
space  and  defense  intlli\nie\.  appears  to  have  been  rare  III 
the  around  transput lution  industries.  Sen'  nwimaenieiil  ap¬ 
proaches  ami  perspectives  may  be  needed  to  handle  such 
problems  in  efforts  mil  heavily  underwritten  by  the  Federal 
government, 
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Problems  and  Pitfalls 

In  theory,  “it  is  easy  to  state  the  principle  by 
which  the  socially  desirable  amount  of  pollution 
abatement  should  be  determined:  Any  given  pollu¬ 
tion  level  should  be  retched  by  the  least  costly  com¬ 
bination  of  means  available;  the  level  of  pollution 
should  be  achieved  at  which  the  cost  of  a  further  re¬ 
duction  would  exceed  the  benefits.*"  In  practice, 
such  a  principle  is  exceedingly  difficult  to  implement. 
Given  the  current  state  of  understanding,  it  would 
be  difficult  to  ascertain  or  measure  all  benefits  and 
costs-or  even  al!  major  ones-  and  mare  difficult 
to  assign  a  common  (dollar)  denominator  to  many 
of  (hem.  Many  of  the  benefits  and  costs  are  not 
only  intangible  but  (such  as  air  pollution's  aesthet¬ 
ic  offense)  highly  subjective  and  weighted  by  different 
people  in  different  ways.  And  many  sub-objectives 
and  criteria  now  espoused  arc  conflicting  and  incom¬ 
patible,  no  doubt  to  some  degree  because  interactions 
between  transportation  technology  and  social  en¬ 
vironment  are  now  dimly  understood. 

Furthermore,  even  if  these  formal  difficulties  could 
be  overcome,  it  would  be -as  in  most  social  problems 
—not  profitable  to  search  for  an  optimal  solution. 
First,  an  optimum  is  ill-defined  when  there  is  more 
than  one  criterion.  Second,  a  formally  optimal  set 
of  conditions  (if  such  existed  or  could  be  determined) 
would  very  likely  differ  significantly  from  current 
conditions,  and  reaching  the  optimum  might  well 
entail  significant,  albeit  temporary,  social  dislocation. 
Such  a  wrenching  move,  which  would  affect  at  least 
some  individuals  directly,  might  well  cause  many 
who  now  deplore  current  conditions  to  value  the 
status  quo  simply  because  it  is  the  status  quo  and 
hence  at  least  tolerable  and  familiar.** 

Faced  with  such  problems,  analysts  examining 
possible  changes  in  transportation  technologies  fre¬ 
quently  are  inclined  to*** 

(a)  Concentrate  heavily  on  the  vehicle  rather  than 
upon  the  organic  functions  of  the  system, 

(b)  Neglect,  and  sometimes  disregard,  the  social 

’Referemt  J2J,  p.  -12. 

*  -  Ann- 1 icons  linn'  shown  prcttl  willinstness  to  III’ bull  unit 
limitin'  in  fun’  of  preat  net  J  or  Junper.  but  motor  vehicle 
uir  pollution,  llioiiuh  iiiknotthdeid  as  n  sunt  problem  re- 
t /nirinp  prompt  ullenlion,  has  not  been  inknoelt del'll  as  the 
kind  of  crisis  whose  solution  would  be  was  lit  enduring  even 
h  inpouu  v  significant  discomfort  without  visible  conemniumt 
benefits  (.We,  for  example .  the  results  of  the  l.twis  Hunis 
survey  reported  July  2d,  1967,  in  llte  blew  York  Post — ami 
briefly  mentioned  July  26.  1967.  In  the  blew  York  Times.) 

**’//.  Itcymmm.  Jr..  Transportation  Tethnohms  mid  the 
Reel  World,  "The  RAblt)  Cot  [mi  ulion,  P-27S6  (June  1 9(1.1  j. 


and  human  consequences  of  modifications  or  new 
crculions. 

(c)  Favor  “interesting"  transport  technologies 
whose  social  significance  may  be  (or  probably  is) 
inversely  proportional  to  their  cost. 

(d)  Disregard  the  cost  implications  of  an  innova¬ 
tion  and  of  the  economic  environment  in  which  it 
wiil  have  to  operate.  What  wiil  be  the  development 
cost  of  the  vehicle  and.  more  important,  of  the  sys¬ 
tem  that  must  be  built  around  it?  What  price  will 
people  be  willing  to  pay  for  the  service  it  provides? 
With  what  improved  present  forms  of  transport  will 
the  new  system  have  to  compete  by  the  time  it  goes 
into  operation? 

(c)  Ignore  the  extraordinarily  long  gestation  period 
often  required  for  carrying  development  programs  to 
completion. 

(f)  Accept  people's  current  objectives  and  values 
as  given  and  try  to  build  a  transportation  system  to 
match  them.  Almost  certainly  the  goals  will  be 
changed  by  the  process  of  growth  and  by  the  very 
transportation  path  that  will  be  followed. 

In  addition,  analysts  arc  often  tempted  to. 

(g)  Overspecify  the  requirements  for  new  tech¬ 
nologies,  without  knowing  well  either  ihc  time  or 
expense  that  will  be  needed  to  meet  the  requirements 
or  the  real  need  for  the  requirements  in  the  future 
context. 

(h)  Ignore  the  implications  of  troublesome  un¬ 
certainties,  and  advocate  only  the  one  system  that 
promises  to  be  best  under  some  set  of  expected  con¬ 
ditions,  or 

(i)  Assume  that  the  worst  will  happen,  and  ad¬ 
vocate  the  technology  or  system  that  promises  to  be 
best  under  the  worst  possible  conditions,  ignoring,  the 
likelihood  that  this  worst  possible  contingency  will 
ever  arise. 

Systematic  Analysis 

To  overcome  these  inclinations  and  temptations, 
it  is  useful  to  follow  a  systematic  analytical  outline 
or  framework.  Such  a  framework  offers  a  logical 
structure  or  a  "guiding  hand"  for  the  solution  of 
complex  social-technical  problems,  much  as  the  sci¬ 
entific  method  does  for  scientific  problems.  There 
arc  obviously  many  variations  on  the  basic  theme  of 
systematic  analysis,  just  as  there  arc  for  the  scientific 
method;  we  have  found  the  following  structure  use¬ 
ful: 

(a)  Define  and  resolve  problems  according  to  the 
various  levels  of  importance,  focussing  primary  at- 


tention  on  the  most  important  levels,  and  using  con¬ 
sistent  inter-level  objectives  and  criteria. 

(bj  Explicitly  identify  objectives,  criteria,  assump¬ 
tions.  uncertainties.  Consider  the  policy  implications 
of  criteria  and  possible  impacts  of  uncertainties. 
Iteratively  formulate  and  reformulate  objectives  and 
criteria  as  analysis  proceeds. 

(c)  Explicitly  account  for  interactions  and  “spill¬ 
over"  between  subsystems.  Explicitly  account  for  the 
interactions  between  technical  (i.c.,  engineering)  and 
social  considerations. 

(d)  Consciously  seek  alternatives.  Devise  new 
alternatives  when  necessary  or  desirable.  Compare  a 
graded  spectrum  of  alternatives  rather  than  just 
analyze  one. 

(e)  Explicitly  and  systematically  compare  alterna¬ 
tives  for  consequences  and,  where  possible,  costs  and 
benefits.  Explicitly  identify  critical  or  sensitive  points 
that  demand  special  policy  attention. 

Using  this  framework  and  drawing  on  the  relevant 
literature  of  systems  analysis*  are  useful  in  detail  as 
well  as  in  general.  The  literature,  for  example,  calls 

• No  comprehensive,  readily  accessible  reference  on  non- 
military  systems  analysis  seems  yet  available.  Two  books  on 
military  systems  analysis  that  contain  Informative  and  rele¬ 
vant  chapters  are 

E,  S.  Qttade  (ltd.),  Analysis  for  Military  Decisions,  Rarnl 
Meld  ally  <t  Co..  Chicago.  1964. 

E.  S.  Quade  and  IV,  /.  Bottelier  (Eds.),  Systems  Analysis 
and  Policy  Planning:  Applications  In  Defense,  Elsevier  (to 
be  published). 
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attention  to  the  fallacy  of  setting  the  oft-cited  goal 
of  maximum  benefits  at  minimum  cost.  Oiven  meas¬ 
ures  of  benefit  and  cost,  which  must  include  both 
technological  measures  and  indicators  of  indirect  and 
social  value, ••  one  can  look  for  a  system  that  gives 
(of  the  available  alternatives)  maximum  benefit  at  a 
given  level  of  cost,  or  a  given  levci  of  benefit  at  a 
minimum  cost.  But  maximizing  benefit  while  simul¬ 
taneously  minimizing  cost  is  logically  impossible 
(as  a  general  rule). 

From  the  literature,  it  is  apparent  also  that  some 
discounting  factor  roust  be  applied  when  comparing 
benefits  (e.g.,  reduced  fuel  consumption,  reduced 
pollution)  yielded  at  different  times.  Just  as  a  dollar 
earned  today  is  worth  more  than  a  dollar  earned 
some  years  hence,  because  of  the  interest  that  can  be 
gained  in  the  intervening  yean,  so  reduced  pollution 
today  is  worth  more  than  the  same  reduced  pollution 
some  years  hence,  because  of  the  benefits  that  can  be 
gained  from  the  cleaner  air  in  the  intervening  years. 

Further,  experience  with  military  systems  analysis 
underlines  the  importance  of  accounting  for  both  risk 
and  uncertainty  in  devising  long-range  policies. 
Risks,  as  in  the  case  of  individual  fortune,  can 
usually  be  met  best  by  some  form  of  insurance  or 
diversification.  In  risky  or  uncertain  situations  setting 
a  single,  fixed  course  and  pursuing  it  intensively  may 
not  be  as  fruitful  as  following  a  mon  flexible  strategy 
that  permits  learning  from  experience  and  takes  posi¬ 
tive  steps  to  account  for  risks  or  uncertainty.  It  has 
been  found,  for  example,  that  in  the  face  of  un¬ 
certainly  some  fruitful  strategies  often  are 

(a)  To  follow  a  course  of  action  that  will  have 
“acceptable’’  probabilities  of  success  under  wide 
varieties  of  possible  conditions;  that  is,  to  choose 
"safe’’  actions  that  are  likely  to  have  positive  effects 
“no  matter  what." 

(b)  To  Lunch  a  multi-pronged  attack,  with  some 
effort  directed  at  solving  current  and  short-range 
problems,  and  other  efforts  directed  toward  learning 
what  may  be  needed  for  effective  long-term  solu¬ 
tions.  These  efforts  are  usually  carried  out  in  parallel, 
with  the  longer-term  effort  conducted  so  as  to  pre¬ 
serve  as  much  freedom  as  possible  to  choose  and 
change  direction. 

Within  the  framework  of  systematic  analysis,  the 


••The  measures  of  costs  must  Include  indirect  and  social 
costs  i is  well  as  conspicuous  out-of-pocket  costs.  Otherwise 
the  "least  cost"  course  is  to  do  nothing  at  all.  Air  pollution 
Is  a  serious  problem  because  it  leads  to  significant  private 
und  social  costs, 


transportation  system  can  be  viewed  as  follows: 

FiGURE  34 


Technology 
Use  Preferences 
System  Management 


Undesirable  Products 

Desirable  Services  and 
Characteristics 


Policies  and  management  work  on  the  modifiable 
factors  to  change  the  transportation  system’s  opera¬ 
tions  and  properties,  and  thereby  to  change  the  sys¬ 
tem's  products.  Since  the  changes  may  only  partially 
reduce  the  undesirable  products  (c.g.,  pollution)  and 
may  affect  desirable  as  well  as  undesirable  features, 
information  on  the  new  state  of  the  products  is  fed 
back  to  influence  future  policies  and  management. 
Similarly,  those  who  use  the  transportation  system 
also  observe  the  changed  products  and  adjust  their 
use  preferences  accordingly. 

Alternative  policies  can  be  generated  in  a  number 
of  ways.  One  fruitful  way  is  to  consider  the  interac¬ 
tion  of  the  modifiable  factors  with  the  air  pollution 
chain  of  events.  (See  page  330).  The  modifiable 
factors  are 

Technology  ~ e.g.,  vehicle  engine-fuel  sys¬ 

tems,  roadway  design, 
means  of  cleansing  the  at¬ 
mosphere. 

Use  Preferences  —e.g.,  relative  locations  of 
homes  and  jobs,  demand 
for  less  polluting  modes  of 
transport,  driving  and  main¬ 
tenance  patterns. 

System  Management-c.g.,  traffic  flow  and  assign¬ 
ment,  pricing,  parking  avail¬ 
ability,  public  regulation. 


At  each  of  the  key  points  in  the  air  pollution  chain, 
modifying  one  or  a  combination  of  the  factors  pro¬ 
vides  leverage  to  deal  with  vehicular  pollution. 

Cross-classifying  modifiable  factors  and  the  chain 
of  events  thus  would  be  one  way  of  showing  graph¬ 
ically  the  approaches  through  which  motor  vehicle 
air  pollution  may  be  attacked.  Since  only  a  few  of 
these  potentially  vulnerable  points  are  now  seriously 
being  attacked,  such  a  cross-classification  would  also 
serve  to  show  where  new  work  might  be  fruitful.  By 
laying  bare  the  central  structure  of  the  motor  vehicle 
air  pollution  problem,  it  could  suggest  new  activities 
and  new  approaches.  That  is,  it  could  serve  as  a 
framework  for  synthesis  and  a  focus  for  innovation. 

Most  public  attention  has  been  directed  toward 
technology,  i.c.,  toward  modifying  or  changing  the 
automobile  engine,  and  some  has  been  pre-occupicd 
with  gadgetry.  Engine  change  or  modification  is 
likely  to  be  one  of  the  most  effective  approaches  (at 
a  given  level  of  cost).  But  it  is  not  the  only  approach. 
Despite  the  relative  difficulty  of  carrying  them  out, 
non-technological  approaches  (i.c.,  modifying  use 
preferences  and  system  management)  also  may  be 
effective.*  If  pursued  in  parallel  with  technological 

*  Technological  Approaches,  being  easier,  more  straight- 
fin  ward,  and  lest  likely  to  produce  major  side-effects, 
should  be  tried  first.  Son-tec hnulugical  approaches  would  be 
unnecessary  if  technology  alone  would  suffice, 
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approaches,  they  may  help  achieve  fvollutlnn  control 
while  the  technology  Is  still  being  developed  and 
increase  the  effectiveness  of  the  technical  approaches 
that  arc  adopted, 

Indeed,  a  combination  of  approachcs-ol  different 
changes  in  technology  and  of  changes  in  use  prefer¬ 
ence  and  system  management— is  likely  to  prove 
superior  to  any  one  approach  atone.  Several  of  the 
approaches  might  well  complement  and  reinforce 
each  other,  producing  a  synergistic  effect  exceeding 
the  effect  any  one  atone  could  yield.  A  combination 
of  approaches  also  appears  needed  to  deal  effectively 
with  technological  uncertainly  and  the  vagaries  of 
research  and  development.  There  is  not  likely  to  be 
one  "solution"  to  motor  vehicle  air  pollution. 

The  sections  that  follow  begin  to  fill  in  details  of 
systematic  analysis.  The  section  labelled  CRITERIA 
explicitly  identifies  criteria  and  constraints,  and  con¬ 
siders  their  implications.  The  section  labelled 
ALTERNATIVES  develops  a  broad  spectrum  of 
alternatives,  considers  interactions,  and  uses  the  cri¬ 
teria  to  indicate  very  approximate  evaluations  or 
rankings.  The  section  labelled  UNCERTAINTIES 
examines  uncertainties,  and  explores  their  possible 
impacts  and  thmr  implications  for  policy. 

CRITERIA 

This  section  identifies  criteria  and  constraints,  and 
considers  their  implications.  Its  purpose  is  to  make 
explicit  the  standards  that  should  guide  the  design 
of  alternative  approaches  to  vehicular  pollution  and 
form  the  bases  for  their  comparison. 

The  section  has  six  parts,  which  cover  ( 1 )  the 
role  of  public  values,  (2)  constraints,  (3)  criteria 
for  pollution  reduction  and  costs,  (4)  criteria  for 
effects  on  the  motor  vehicle  system,  (5)  administra¬ 
tive  and  economic  criteria,  and  (6)  criteria  for  the 
Federal  role. 

Role  of  Public  Values 

By  its  very  nature,  vehicular  air  pollution  is  a 
public  problem  whose  proposed  solutions  must  be 
judged  by  more  than  the  private  standards  of  profit 
and  loss.  The  criteria  for  evaluating  proposed  solu¬ 
tions  transcend  simply  pollution  reduction  and  net 
cost.  They  also  involve,  for  example,  special  impacts 
on  particular  parts  of  the  population,  effects  on  the 
motor  vehicle  (transportation)  system,  risks  to  public 
welfare,  and  administrative  complexity.  Although 
some  of  these  criteria  are  amenable  to  quantification, 
others  are  not.  Thus,  the  scales  for  rating  alternatives 


are  in  part  numerical,  in  port  preference  rankings, 
and  in  part  simply  checklist*  of  possible  ill-effect* 

Because  of  the  problem's  complexity  and  ramifica¬ 
tions,  no  simple  ruie  for  choosing  the  "best"  alterna¬ 
tive  from  the  set  of  possibilities -such  as  "subject  to 
the  constraints,  maximize  the  net  of  benefits  minus 
costs"-appcars  to  be  meaningful.  No  one  over-alt 
index  or  measure  satisfactorily  represents  the  com¬ 
bination  of  factors  that  must  be  taken  into  account. 
Thus,  one  cannot  use  a  simple  score  or  index  to 
select  the  "best"  alternative  or  combination  of  al¬ 
ternatives  from  the  set  of  possibilities.  Instead,  to 
compare  alternatives,  one  must  resort  to  a  more 
complicated  (and  seemingly  less  "scientific")  pro¬ 
cedure:  (a)  rate  each  alternative  according  to  each 
criterion;  (b)  evaluate  the  ratings  according  to  the 
external  (non-pollution)  criteria  that  are  considered 
important  (c.g.,  cquitability,  risk  preferences,  Federal, 
state  or  corporate  budget  limitations);  and  (c)  com¬ 
pare  the  sets  of  evaluated  ratings  to  identify  the 
alternative  or  alternatives  that  then  appear  dominant. 
This  procedure  contains  subjective  elements  and  pos¬ 
sible  ambiguities,  as  indeed  it  must,  for  public  poli¬ 
cies  are  rarely  clear-cut.  Seemingly  more  exact 
methods  contain  them  as  well;  they  may  merely  hide 
them  behind  illusions  of  precision. 

Evaluation  is  most  legitimately  carried  out  by  the 
public  through  its  elected  representatives  or  those  to 
whom  they  delegate  the  Authority.  The  external 
criteria  by  which  pollution-combating  alternatives  arc 
judged  often  reflect  the  highest  values  of  society,  de¬ 
cided  or  revealed  through  the  political  process.  More¬ 
over.  the  tradeoffs  between  critcria-for  example, 
between  pollution  reduction  and  impacts  on  partic¬ 
ular  groups -a re  subtly  complex  and  often  politically 
quite  consequential,  A  bad  rating  on  one  criterion- 
for  example,  impact  on  the  disadvantaged  and  poor 
-might  be  sufficient  reason  to  rule  out  an  otherwise 
attractive  alternative.  Such  evaluation,  however, 
should  be  made  by  the  public  explicitly  and  know¬ 
ingly.  An  index  that  included  all  factors,  evaluated 
tradeoffs,  and  combined  the  resulting  value  judg¬ 
ments  into  some  single,  merged  criterion  would 
implicitly  usurp  the  public’s  authority  and  respons¬ 
ibility. 

For  similar  reasons,  “public  acceptability”  is  here 
considered  a  criterion  rather  than  a  constraint.  A 
myth,  too  long  perpetuated  in  discussions  of  the 
problem,  says  experts  (e.g.,  administrators,  engi¬ 
neers,  planners)  C3n  identify  at  some  early  stage 
those  alternatives  that  will  be  unacceptable  to  the 
public  and  that,  thus,  should  be  developed  no  further. 
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This  myth  implies,  first,  that  there  arc  certain  ab¬ 
solutes.  In  (act,  experience  suggests  that  "the  com¬ 
munity  can  be  educated  and  public  opinion  can  be 
changed,  and  that  whether  something  is  worth  doing 
in  the  political  arena  depends  on  its  costs  and  bene¬ 
fits,"  *  Second,  the  myth  implies  that  "experts”  arc 
more  capable  of  determining  political  feasibility  or 
public  acceptability  than  policy  makers  or  publicly 
responsible  officials.  But,  in  democratic  societies, 
only  the  public  and  its  elected  representatives  have 
the  right  to  decide  what  is  and  what  is  not  politically 
feasible  or  publicly  acceptable.  Experts  are  notori¬ 
ously  bad  at  making  these  judgments  Their  resptmsi- 
bility  is  to  provide  information  on  tire  possible 
outcomes,  costs,  and  benefits  of  alternative  actions, 
not  to  decide  that  particular  alternatives  will  be  un¬ 
acceptable.** 

Comstralats 

Constraints  arc  inflexible  criteria  that  alternatives 
must  meet.  They  usually  reflect  scarcities,  rigidities, 
or  values  of  over-riding  importance,  and  change  ns 
these  change  with  time.  For  motor  vehicle  air  pollu¬ 
tion,  constraints  on  possible  solutions  arise  because 

(a)  Certai*  resources  are  scarce  or  limited  e  g  . 
technical  manpower  (numbers,  specialties,  quality), 
facilities,  and  knowledge.  Knowledge,  c.g.,  scientific 
knowledge  and  technical  statc-of-art,  evolves  rapidly, 
so  that  frequent  re-assessment  of  knowledge  con¬ 
straints  is  necessary.  Technical  manpower  is  not 
likely  to  be  a  serious  constraint  (although  there 
might  be  shortages  in  some  specialties  if.  say,  elec¬ 
tric  car  development  were  to  he  pushed  on  a  large 
scale),  but  some  projects  requiring  similar  specialties 
may  be  slowed  or  halted  because  of  manpower  diver¬ 
sion.  Facilities,  similarly,  should  be  adequate  for 
most  purposes,  although  robust,  reliable  pollution 
measuring  instruments  and  facilities  for  testing  new 
components  and  systems  may  he  scarce, 

As  the  Subpanel  on  Automotive  Energy  Sources 
points  out.  shortages  of  certain  materials  (c.g.,  silver, 
mercury,  and  platinum  group  metals)  might  he  ug- 

•J.  f.  Kain,  "A  Re-appraisal  of  Metropolitan  Transport 
Planning’'  Paper  presented  in  llir  Com/tnniweulili  Hunan 
of  Roads  Symposium  on  the  Hewumties  of  Roads  and  Road 
Itanxpan.  Melbourne,  Australia.  Jul\  17,  IVh7,  p.  '■ 

••Ibid,  p  rt,  Kain  i  oiitinun:  hci/uenity  in  soinplcs  i>" 
Ians  .  ,  ,  the  implications  of  puitimlar  ulieinaltsei  aie  mo 
at  all  apparent.  As  a  result  it  o  often  not  possible  to  esti¬ 
mate  eeen  crudely  the  piissible  licileftn  and  unis  of  psuti,  • 
alar  itl'ons  until  dies  hose  been  esamtned  sun  fully  and 
until  lie  detailed  arithmetic  has  been  done,  7 hut  the  arith¬ 
metic  is  difficult  to  curry  out  in  muny  hiiluiiies  uiul  can 
only  he  roughly  approsimuleJ  in  others  is  iw  esc loe  .  .  .  . 


gravated  by  ‘ ' w  introduvikui  wad  widespread  uw  of 
some  new  propulsion  systems  but.  otherwise,  mate¬ 
rials  arc  not  expected  to  be  a  serious  constraint.  The 
Subpancl  on  Automotive  Energy  Sources  also  has 
found  that  "adequate  energy  sources  are  available  at 
least  for  the  tcmuiiidcr  of  this  century  to  meet  the 
vehicle  transportation  requirements  of  the  country 
regardless  of  the  type  of  power  plant  that  may  be 
used." 

For  the  scale  of  pollution-control  that  has  bee" 
envisioned,  capital  is  not  likely  to  be  scarce,  both 
because  the  major  firms  involved  (irt  the  automobile 
and  petroleum  industries)  arc  quite  large  and  have 
extensive  working  capital,  and  because  massive  capi¬ 
tal  investments  do  not  appear  necessary. 

(b)  Solutions  must  work  In  the  current  context 
and  what  evolves  therefrom.  Any  policy  proposed  to 
combat  motor  vehicle  air  pollution  must  work  in  the 
context  of  its  time  and  of  the  future  it  seeks  to  affect 
it  should  exert  what  influence  it  can  to  make  the 
context  more  receptive,  but  must  acknowledge  its 
very  limited  ability  to  change  (he  context  quickly  or 
significantly,  or  to  alter  significantly  the  direction  or 
momentum  of  the  changes  that  result  from  the  sum 
of  countless  other  forces.  Any  proposed  policy,  for 
example,  must  take  into  account  the  following: 

(i)  Despite  the  many  minor  changes  that  occur 
almost  daily,  most  metropolitan  ureas  experience 
major  change  only  over  decades,  if  at  all.  In  many 
important  respects,  the  metropolises  of  1940  will 
look  very  much  like  those  of  today.  The  factors 
determining  intra-metropolitan  transportation  de¬ 
mand  and  the  resulting  transportation  flows  are  likely 
not  to  have  changed  greatly,  although  the  scale  and 
structure  of  the  demand  and  flows  may  have  changed 
to  reflect  changes  in  technology  and  income  distribu¬ 
tion,  The  current  stock  of  housing,  ofliecs,  stores, 
factories,  streets,  and  highways  Is  so  large  that  pro¬ 
posals  for  major  redesign  or  realignment  of  metro¬ 
politan  areas  must,  to  be  realistic,  have  time-horizons 
of  twenty  years  or  more.  Similarly,  large-scale 
changes  in  the  transportation  system  require  such 
large  investments  and  (in  general)  lake  so  long  to 
accomplish  that  their  effects  arc  felt  only  long  after 
they  arc  planned.  Proposals  to  shape  the  contest  over 
the  short-term  must,  realistically,  aim  at  the  margin 
to  influence  changes  and  try  to  mold  (hat  which  is 
new. 

(ii)  The  current  stock  of  motor  vehicles  is  large 
and  growing,  and  ownership  is  dilfused  among  a 
very  large  number  of  people.  Further,  motor  vehicles 
are  sufficiently  long-lived  that  new-  vehicles  intro- 


121 


duced  in  nny  year  make  tip  t>n!y  It)  percent  nt  (He 
lol ill  stock,  t  hus,  initiating  ami  continuing  pollution 
control  requires  dealing  with  a  large  number  of  in 
dividuiils  ;md  contending  with  (lie  lag'  and  mainte 
nance  problems  caused  by  (he  slow  llovs  of  old 
vehicles  ou‘  ol  the  system. 

1  able  47  glees  the  number  o!  niottii  u-hielvs 
registered  in  tbs'  United  State’s  for  I‘7h3  to  |90f>  and 
.shows  the  rutige  of  projections  for  the  numbers  -  by 
s chicle  type  for  1*^75  ami  f 4>K0.  The  table  reseals 
that  there  were  more  than  <10  million  vehicles  in  the 
U.S.  in  1966  and  that  the  number  is  expected  to 
rise  to  between  125-160  miltiun  by  1980. 

Table  48  shows  that,  although  the  average  age 
of  (lie  automobile  population  is  about  6  years,  (lie 
median  life  of  an  individual  automobile  is  nearly 
1 1  years,  and  that  mure  than  10  percent  of  the  ears 
produced  in  a  given  year  arc  still  in  use  Hi  or  more 
years  later  (although  ears  lb  years  old  or  older 
constitute  only  I  to  2  percent  of  the  total  automobile 
population  at  a  given  time),  These  figures  show, 
for  example,  that  even  if  all  ears  produced  after  a 
given  date  were  to  have  extraordinarily  low  emission 
characteristics,  it  would  be  6  years  before  the  low- 
emission  ears  would  make  up  50  percent  of  the  total 
ear  population,  9  years  before  they  would  make  up 
75  percent,  and  14  years  or  more  before  they  would 
have  replaced  all  but  5  percent  of  the  older  ears. 


Tahi  t  -H  U.S.  Motor  Vi  huh  Hioivrustlo.sv  ' 


Year 

Passenger 

Buses 

“i  rucks 

Toi.il  ■ 

Cars 

1743 

67,055,000 

278, (XXI 

13,360.1X70 

82.714,000 

1764 

71,783.000 

305.000 

I40I3.UA> 

86,301,000 

1965 

75,261,000 

314.000 

14, ‘75, 000 

70,37(J, (XX) 

1765  ' 

74,713.000 

155.000 

14,035.000 

87,103,000 

l%6  * 

78,315.1X10 

15,864,000 

94,177,000 

Projections 

1775 

75  115  m 

illion  20 

25  million 

115  135  million 

1780 

105  135  ill 

ilium  20 

30  million 

125  1 50  milium 

1  ami  PuWliJ)  Owned  Whulo,  ruIuUmy;  miliiary  trhUt* 

Bureau  1‘uMu  Riodt  d40,  nictl  in  A«da«»<iWUr  tact*  utd 

|>  IV  (all  iuumUcJ  in  I  he  ikjhiI  ihoutand) 

1  Pmatcly  Owned  Vcltklc*  uni). 

Pfclirninjit  rilunjlr. 

1  I  itfufet  |1»J)  Mel  adJ  pfffcltcl)  Id  IlKdU  txrviUX  Uf  fUUmiing. 


Uwr  4H.  r  LrwmvrTT  * 


fraction  ui‘  Cars 

f  rustum  of  Cars 

(A  1?  Year.;  OM  in 

Originally  Produced 

.{  Preceding  Year 

that  had  Survived 

Ape  uf  Or  .Stirs iv mg  to  tktoinc 
(Ycanl  4  Years  old  in 

A  Scats  in 

iVfi.S  )  v  ( >4 

176.1  1764 

i  > .  ,*m  i  .two  i 

.(4 .  .evw  uvi  .we  ,V9| 

4  > .  .770  .vto  .yyo  .y»i 

5  f. .  .774  .  771  .964  .936 

(i  7 .  .757  ,75:  ,7::  .vio 

7  8 .  . 736  . Vl ft  .863  ,834 

X  7 .  .906  ,707  .781  .75* 

7  (0 . H 5ft  .857  SM  .651 

10  II .  .813  .82:  .544  .535 

I!  12 .  ,780  .770  .424  .412 

12  13 . 764  753  .324  .31(1 

13  14..  .  .767  . 732  .247  .234 

14  15 . 752  .757  .187  .177 

15  16 . 773  .731  .145  .127 

.16  i .  777  .825  .116  . 107 


\tfJmn  Auumii'luU-  l-'fi  -- 1 1  years  (approx. I 

Ju'futfi  4xv  uf  AiitoniiihiU-  Papiihiliun  "6  years  (approx. 1 

'(  Akuiitcd  (fdm  huurrt  *u.cn  in  Airimofettt  Itcti  m4  Mhwii, 
isa?.  p 

Truck  replacement  is  even  slower;  it  takes  more 
than  7  years  to  replace  50  percent,  more  than  13 
years  to  replace  75  percent,  and  18  years  or  more 
to  replace  ‘75  percent  *  These  figures  assume  a  rea¬ 
sonably  steady  rate  of  new  production  and  no  es¬ 
sential  change  in  the  current  rate  of  scrapping  old 
vehicles.  An  increasing  rate  of  new  production  and 
an  increasing  rate  of  retirement  could  accelerate  the 
influence  of  new  vehicles. 

Table  457  shows  automobile  ownership  by  house¬ 
hold  income  in  1*764.  Ii  shows  that  ownership  of 
approximately  (>()  million  automobiles  was  then 
divided  among  approximately  43  million  households, 
of  which  roughly  12  million  owned  two  cars  or  more, 
It  also  shows  an  almost  perfect  ( in  a  statistical  sense ) 
correlation  of  automobile  ownership  with  household 
income;  the  percentage  of  households  owning  one  or 
more  cars  rises  from  50  percent  fur  households  with 
incomes  of  $2000  or  less  to  essentially  100  percent 
for  households  with  incomes  of  SI 5.000  or  more. 
If  these  figures  truly  represent  discretionary  uses  of 
income  and  arc  stable  with  time,  they  may  indicate 
that  generally  rising  incomes  (possibly  augmented 


Kt’lfiim  f  7,  p.  23. 
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by  an  at  least  partially  successful  ''poverty  pro¬ 
gram")  will  lead  to  greater  automobile  ownership 
(and  hence  somewhat  greater  pollution  problems) 
than  anticipated  in  the  projections  in  Table  47. 

I  aisle  SO  show-,  lie  leverage  possessed  hy  the 
Federal  govornmen  ’i rough  its  ownership  and  pur¬ 
chase  of  motor  veh.  k-s,  It  shows  that  the  Federal 
government  owns  domestically  more  than  70.000 
automobiles  and  210.000  trucks,  and  purchases  in 
a  typical  year  excluding  military  agencies  and  the 
Post  Office  about  0,000  automobiles  and  1 5.000 
other  vehicles  Although  these  form  an  almost  in¬ 
significant  share  o[  the  total  stock  and  llow*  of  vehi¬ 
cles.  the  numbers  arc  large  enough  and  Federal 
purchases  arc  sufficiently  conspicuous  that  they  offer 
considerable  opportunity  for  the  testing  of  new 
developments  and  the  inauguration  of  special  pur¬ 
chase  requirements. 


Tasii  49.  AuroMo»itr  Owmr.ship  »v 
Hoummold  Incomi,  1 964' 


Number  and  Percent 
Number  of  of  Households 

;  Owning 

t 

One  or  Two  or 
House-  Wore  More 


holds 

Cars 

Cars 

Cars 

(Mil¬ 
lions)  j 

1 

Owned 

No. 

I* 

No.  j  ‘ 

0 

All  Households 

* 

56.2 

51.4 

43.3 

77 

12.3 

71 

Household  Income: 
Under  S2000. . .  . 

13.4 

7.V 

6.7 

50 

1.2 

V 

52000  2991 . 

5.1 

3.5 

3,2 

6.3 

0,3 

6 

53000  3111 . 

5,2 

4  5 

3.8 

73 

0.6 

12 

54000  4991 . 

5.0 

4.8 

4.0 

80 

0,7 

14 

55000  5111 . 

6.2 

6,7 

5.4 

87 

1.2 

11 

56000  7411 . 

7.0 

8,1 

6.4 

11 

l.l 

27 

57500  VW . 

7,0 

10,2 

6.6 

14 

2.6 

37 

510.000  514.000. ... 

5,  ,3 

1  0 

5.1 

16 

2.6 

41 

515,000  and  mure. . 

2.0 

3.1 

2.0 

too 

1.2 

(-0 

’Bdicd  (Hi  Odt  4  fr<wn  4  v^mplr 

o/  rruar 

111  An 

I5.IUI 

Kuusch(>UJ 

in 

July  iv£4  hy  ihr  Bureau  ul  the  {  en»u%.  i(  tied  in  IH? 
Knit  m*4  ^liiKTti  Auit*mi«!»ik  Mjmiljsiotrrs  A*n«s.«41mhv  pp 


(iii)  Operating  these  large  numlvers  of  motor 
vehicles  each  year  consumes  a  large  amount  of  fuel. 
As  Table  51  shows,  nearly  75  billion  gallons  of 
motor  fuel  were  consumed  in  I ‘166,  and  from  105  to 
130  billion  gallons  are  expected  to  be  consumed  by 
19H0. 


Tabis  50  Moro*  Vuiictts  Ownio  by  rut 

pHUBAt  (ioVrKNHINT  ' 

(June  JO,  1966) 


Agencies 

Sedans, 

Station 

Wagons 

Hoses 

Trucks 

Total 

Civilian  (Total).. 

'  and 

■  Ambulances 

42,616 

t  .4 1 S 

117,072 

I6M06 

Military  (Tutaly.  . 

40,514 

10.505 

139,571 

190,590 

Ail  (total) . 

8.3,130 

1 1,123 

256,643 

351,696 

Dom«Mie . 

70.6*3 

7.755 

212.611 

211,137 

♦•oreign . 

12,457  ’ 

4,168 

4.3,944 

60,559 

Conibai  Stnvios  AdminimBaiion  Purchases  oi 
MotOB  VtHICltS  (tXCLllllINU  Militabv)  • 


Type  of  Vehicle 


Number  i  Amount  * 

i 


Sedans . 

Station  Wagons . 

Post  Office  Vehicles . 

Ambulances,  Trucks,  Buses, 
Trailers  and  Othcre . 


7,420  Sit, 851, 000 
1,418  2,802,000 
14,586  ,  24,008,000 

15,404  ,  36,561,000 


TOTAL .  31,008  575,230,000 


1  Annual  Motor  Vehicle  Report,  General  Services  Administration. 
Ichruary,  1167. 

-'Records  <>l  Motor  Vehicle  Section,  trSA.  Purchases  tor  Pm.il 
Sear  I16A. 

hounded  i  i  nearest  1 1 ,000. 


( tv )  An  important  part  of  current  and  future  con¬ 
texts  that  seems  dilficult  to  influence  directly  is 
meteorology.  Large-scale  weather  modification  is 
being  studied,  but  now  and  for  the  foreseeable  future 
seems  beyond  more  thap  minor  control  (such  as 
cloud-seeding).  Proposals  have  been  advanced  for 
"breaking"  temperature  inversions  and  other  stag¬ 
nant  conditions  that  exacerbate  the  effects  of  pollu¬ 
tion,  But  thus  far  none  seems  capable  of  harnessing 
the  forces  that  would  be  needed  to  upset  these 
conditions’  stability. 

Mierometcorology  may  be  more  amenable  to 
man's  control.  Indeed,  there  are  suggestions  that 
urban  construction  has  greatly  influenced  micro¬ 
climates,  and  that  good  design  could  both  enhance 
conditions  favorable  to  dispersing  pollutants  and  re¬ 
duce  the  effects  of  those  that  tend  to  trap  pollutants 
locally.  Reducing  pollution  by  affecting  mierometeor- 
ology  may  in  the  end  be  difficult,  but  now  the  major 
constraints  appear  to  be  luck  of  information  and  lack 


of  institutional  mechanisms  through  which  micro- 
meteorology  might  even  he  considered  in  developing 
the  urban  context, 

(c)  Policies  must  be  concerned  with  institutions, 
traditions,  and  habits,  Strong  efforts  that  attempt  to 
change  these  elements  quickly  arc  not  likely  to  he 
welcomed  by  those  even  indirectly  affected. 

Pollution  policies,  for  example,  must  consider  the 
structures  of  the  automobile  and  petroleum  indus¬ 
tries.  The  former  is  characterized  by  a  few  very  large 
firms  and  a  host  of  much  smaller,  specialized  sup¬ 
pliers.  The  large  firms  engage  in  oligopolistic  (as 
distinct  from  classical)  competition  and.  for  reasons 
described  in  the  main  Panel  report  and  the  report  of 
the  Subpanel  on  the  Automobile  and  the  F.conomy. 


Tacli  51.  Motor  Full  Consummion 


Year 

Motor  Fuel  Consumption 
(billions  of  gallons) 

1965 

71.1 

1966  (preliminary) 

■»4.6 

Range  of  typical  projections 

1970 

80-89 

1975 

90-110 

1980 

105-130 

have  long  lead  times  associated  with  the  design, 
tooling,  and  production  of  new  developments.  The 
petroleum  industry  contains  about  two  dozen  large, 
integrated  •  firms  and  a  considerable  number  of 
medium-sized  to  small  companies.  Many  of  the 
smaller  companies  (which  account  for  noticeable 
parts  of  selected  markets)  concentrate  on  exploration 
and  production,  refining,  or  marketing,  but  not  all 
of  these,  and  thus  arc  more  sensitive  to  vicissitudes 
in  any  one.  New  processes  for  various  aspects  of  re¬ 
fining  arc  continually  being  introduced,  and  old  pro¬ 
cesses  arc  continually  being  modified,  but  the  pro¬ 
portion  of  total  capacity  replaced  or  substantially 
modified  in  a  given  year  is  usually  small. 

Other  constraints  on  policies  stem  front 

(i)  Frictions  and  unresolved  authority  and  re¬ 
sponsibility  in  government. 

(ii)  Continuing  legislative  review  of  executive 
authority  and  short-term  appropriations,  at  both  state 
and  federal  levels. 

* Vertically  integrated,  with  capabilities  for  exploration, 
production,  refuting,  tlisnibution,  and  niurfeting.  Many  hate 
both  domain-  and  foreign  operations. 


(tti)  The  fragmented  powers  and  relative  ineffec¬ 
tiveness  of  many  local  govr  nments. 

(iv)  Time-lags  and  contusion  accompanying  (he 
establishment,  stalling,  and  breaking-in  of  new  agen¬ 
cies,  agency  functions,  or  administrative  or  enforce¬ 
ment  systems. 

(v)  Traditional  relations  and  mutual  suspicions 
t'etween  industry  and  government. 

(vi)  Traditional  industrial  prerogatives  and  habits. 

(vii)  People’s  traditional  prerogatives  (c.g.,  free¬ 
dom  of  mobility)  and  habits. 

(viii)  People's  preferences  (as  conditioned  by 
existing  alternatives,  advertising,  and  their  current 
milieu)  and  the  problems  and  time  involved  in  at¬ 
tempting  to  change  them, 

(d)  Policies  must  be  concerned  whh  distributional 
effects.  What  matters  is  not  only  the  size  of  the  pic 
of  costs  (or  benefits),  but  how  it  is  divided  up.  Pro¬ 
posed  changes  must  take  into  account  possible  dis¬ 
proportionate  impacts  on  certain  parts  of  the  popu¬ 
lation. 

Some  policies  might  (as  the  section  on  Impacts  of 
Pollution  Control  Policies  explores)  have  impacts 
considered  quite  undesirable  by  the  disadvantaged 
and  poor,  These  groups  may  value  lightly  the  bene¬ 
fits  received  from  reduced  pollution  (because  com¬ 
pared  to  the  other  discomforts,  and  medical  and 
economic  problems  they  face,  pollution  may  seem 
minor)  and  value  heavily  the  costs  incurred  from 
pollution  control.  Further,  some  pollution-combating 
policies  may  be  economically  regressive,  and  affect 
the  poor  and  disadvantaged  adversely  in  strictly 
economic  terms. 

Pollution-control  policies  might  also  disproportion¬ 
ately  affect  other  groups,  such  as  parking  garage 
owners  and  operators  (if  the  addition  of  afterburners 
or  engine  redesign  were  significantly  to  increase  the 
length  of  all  ears),  small  companies  supplying  parts 
or  fuel  components  that  might  be  eliminated  or  re¬ 
quired  to  change  radically,  store  owners  in  areas 
where  parking  or  traffic  might  be  restricted,  etc. 

The  important  questions  arc  how  severely  these 
groups  may  be  injured  and  how  serious  their  in¬ 
juries  arc  considered  to  be.  Someone  is  almost  always 
hurt  by  policies  that  distribute  costs  and  benefits  un¬ 
evenly.  Deciding  whether  policies  should  be  con¬ 
strained  to  avoid  particular  injuries  to  particular 
groups  requires  (a)  detailed  analysis  to  discover 
just  what  the  clfects  arc  expected  to  be  and  (b) 
careful  evaluation  of  the  effects  to  see  whether  the 
costs  of  the  injuries  outweigh  the  costs  of  constrain¬ 
ing  the  policies. 
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The  constraints  imposed  because  of  distributional 
effects  should  be  reviewed  periodically  to  ensure  that 
they  do  not  acquire  the  stntus  of  immutable  laws. 
Too  often  such  constraints  outlive  their  bases.  They 
bcc-ntc  “rules  of  thumb"  that  must  be  observed 
because  no  one  knows  or  remembers  the  reasons 
for  the  original  decision,  which  thus  cannot  be  con¬ 
tested.  Conditions  may  change  markedly,  but  all  too 
often  the  constraint  remains  in  force.* 

Criteria  For  Pollution  Reduction  and  Costs 

In  evaluating  possible  pollution  control  policies, 
two  of  the  most  important  questions  are 

(a)  How  much  do  they  reduce  puliation?,  and 

(b)  How  much  do  they  cost? 

In  this  form,  both  questions  arc  deceptively  simple. 
The  criteria  for  pollution  reduction  and  costs  involve 
many  considerations,  as  the  following  subsections 
show 

Criteria  far  Pollution  Reduction 

In  evaluating  the  actual  reduction  of  pollutants 
that  might  result  from  various  policies,  the  key 
questions  are 

(a)  Which  pollutants  arc  reduced? 

(b)  Which,  if  any,  arc  i  'creased? 

(c)  By  how  much  are  they  reduced  or  increased? 

(d)  For  (a)  to  (c),  Where? 

(c)  For  (a)  to  (d).  When? 

Further  important  questions  about  a  policy's  pollu¬ 
tion  reduction  arc 

if)  To  which  features  of  the  policy  arc  these 
results  most  sensitive?  That  is,  if  ten**  percent  mere 
money  than  indicated  were  to  be  devoted  to  this 
policy,  where  should  it  be  spent?  Or,  if  only  ninety 
percent  of  the  money  indicated  were  to  be  available, 
what  should  be  cut  and  what  should  definitely  be 
left  alone? 

(g)  What  happens  to  the  pollution  reduction 
claimed  for  other  policies  if  this  policy  is  followed, 
and  vice  versa?  Which  other  policies  would  cm  icc 
this  one,  or  be  enhanced  by  it?  By  how  much  (i.c., 
questions  (a)  to  ( c ) ) ?  Which  other  policies  would 
lower  the  effectiveness  of  this  one  either  by  affecting 
it  adversely  or  by  getting  rid  of  part  or  all  of  the 


*  Reference  143,  p.  6. 

••Tin  percent  is  used  for  illustration.  In  practice,  sensi¬ 
tivity  should  he  examine:!  jot  several  different  levels  iff 
expenditure  uhoee  and  heloxv  that  indicated.  The  infarniu- 
litm  revealed  iiirou:’li  sensitivity  questions  may  lead  to 
revisions  of  the  p<  ry  which  improve  it  greatly. 


problem  this  one  is  designed  to  combat?  Similarly, 
which  other  policies'  effectiveness  would  this  one 
■nwtr?  By  how  much? 

In  evaluating  how  effective  given  policies  might 
be,  one  properly  should  weight  specific  pollution  re¬ 
ductions  according  to  their  relative  iiiipoli.-ncc, 
Measures  of  importance  (or  of  poliutant-reuucing 
effectiveness)  should  assign  weights  to  the  specific 
pollutants  reduced  (or  increased),  the  amounts  of 
reduction  (or  increase ).  and  the  locations  and  times 
of  the  pollutant  changes.  With  these  measures,  one 
should  be  able  to  answer  in  some  reasonable  way 
questions  such  as:  Which  of  the  (hypothetical)  two 
program:,  outlined  in  Table  52  would  be  preferable 
on  the  criterion  of  pollution  reduction? 

Unfortunately,  information  is  not  now  sufficient 
to  develop  meaningful  measures  of  this  kind,  as  the 
report  of  the  Subpanci  on  Air  Pollution  shows. 
There  appears  to  be  little  general  agreement  about 
either  the  relative  importance  of  the  various  pollu¬ 
tants  or  the  relative  values  of  various  reduced  levels. 

The  questions  about  sensitivities  and  interactions 
can  be  handled  with  somewhat  more  confidence, 
mainly  because  they  deal  more  with  specific  technical 
issues  than  with  medical  and  public  values.  Inter¬ 
actions  between  certain  technological  alternatives  arc 
receiving  attention  now  in  a  number  of  laboratories. 
Interactions  between  technological  and  non-tcchno- 
logical  alternatives  have  received  perhaps  less  atten¬ 
tion  but  may  also  be  important.  Proposals  to  reduce 
pollution  by  increasing  the  average  speed  of  traffic 
through  congested  areas  or  by  improving  people's 
driving  habits,  for  example,  would  be  much  less 
attractive  if  engine  changes  were  to  n-.3kc  emissions 
depend  much  less  on  speed  and  on  frequency  of 
acceleration,  deceleration,  and  idle. 

Sensitivities  may  be  explored,  at  least  approxi¬ 
mately,  through  sonic  simple,  aggregated  models  that 
represent  some  of  the  more  important  phenomena 
and  policy  variables,  Pollution  effects  can  be  reduced 
in  three  general  ways. 

(i0  By  reducing  the  extent  of  the  activity  that 
produces  pollution, 

(b)  By  reducing  the  pollutant  emissions  per  unit 
of  activity,  and 

(c)  By  reducing  the  impact  of  emitted  pollutants 
on  susceptible  people,  agriculture,  and  property. 

A  relatively  detailed,  formal  model  (Model  i)  for 
(a)  and  (b),  and  :  highly  simplified,  partially  phe¬ 
nomenological  model  (Model  If)  for  (c)  arc  devel¬ 
oped  in  appendices  1  and  2.  The  results  of  these 
models  may  be  summarized  as  follows: 
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Tabil52  Program  A 
(••hour  pcuk  average  cr  ncc fit  ratio ns-ppm )• 


Year 

CO 

HC 

NOX 

1975 — Centra?  Aica... 

...  3Q±5 

1S±J 

0.6±0.3 

Suburban  Ring. 

...  I0±3 

8±5 

0. 3±G,  1 

1985 — Central  Area... 

.  ..  20:r5 

I0:t5 

0.8  ±0.4 

Suburban  Rirtp . 

E  t:  3 

6 

0.4±0. 1 

1995  Central  Aica. . . 

....  15  i  3  1 

6  ±4 

0,5±0.3 

Suburban  King. 

....  6±2 

3±2 

O.lfcO.I 

hsf^.itAM  b 

( 1  -hour  peak  average  conccntrations-ppm) 

• 

Year 

CO 

HC 

NOX 

1975— Central  Area . 

.  35  ±5 

I7±7 

0,3  ±0,4 

Suburban  King  .. 

I0±3 

9  ±6 

0.3±0.2 

1985  Central  Area . 

.  25  ±5 

!!.- ±5 

0.5±0.3 

Suburban  Ring. .  . . 

5±3 

5  ±4 

0, 2±0. 1 

1995  Ccnl’al  Area . 

5±2 

l±l 

0  !±0.l 

Suburban  Rfng. . . . 

2-±l 

0.5±0.5 

o,o5±o.o: 

•E*j»«clfU  valu<e*.  ‘  rkpcitcJ  95 '.t  confidtrvce  Ilmlis. 

((•hour  peak  average  corn •ritratiun  may  noi  at  u  |v>oU  (nctet;  ii  Is 
u.*d  for  illustration  oaly.) 


MODEL  Is 
Nomenclature 

(i)  Subscripts 

/  represents  poilutants-i.e.,  j  I  might 

represent  CO,  j  2,  ozone,  etc. 

k  represents  distinct  aspects  of  the  driv¬ 

ing  cyclc-i.c„  k  I  might  represent 
steady  driving  below  1 0  mph,  k  2,  de¬ 
celeration,  etc. 

»t  represents  relevant  vehicle  types-i.e., 

»r-  l  might  represent  small  cars, 
»i  =  2,  light  trucks,  etc. 

(ii)  Independent  Variables 

R  -Region  of  interest,  in  which  activity 

produces  pollution,  e.g.,  a  certain 
part  of  downtown 

T  -  Time  period  of  interest,  e.g,,  8  to  10 

a.m. 

\  Year  of  interest,  e.g.,  1980 

»■„  ■  Year  in  which  a  given  vehicle  was 

produced. 

■  Age  of  a  gin:n  vehicle,  in  years 
(ci  :>—y„) 


M  Maintenance  policy 

(iii)  Depcndrnt  Variables 


Number  of  vehicles  of  type  ni  origi¬ 
nally  produced  in  year  v„ 

Number  of  vehicles  of  type  in  that 
arc  a  years  old  in  year  y 

S^(a) 

Fraction  of  vehicles  of  type  m  sur¬ 
viving  ii  years 

Amount  of  pollutant  j  emitted  per 
unit  of  driving  aspect  k  by  vehicles 
of  type  m  that  arc  a  years  old  in  year 

D,„{R.T  ;a) 

>' 

Extent  of  driving  in  aspect  A  done  by 
a  year  old  vehicles  of  type  in  in  re¬ 
gion  R  during  time-period  T 

V 

-Amount  of  pollutant  /  emitted  per 
unit  of  driving  aspect  A  by  vehicles 
of  type  m  that  have  no  pollution 
control  (i.c.,  base-line  emissions). 

E,lm(\\a\M) 

Effectiveness  of  control  on  emission 
of  pollutant  j  during  driving  aspect  A 
from  vehicles  of  type  in  that  arc  a 
years  old  in  year  >•  and  have  been 
maintained  with  maintenance  policy 
M. 

/,<.( o,M) 

-  Effect  of  vchicie  age  and  mainte¬ 
nance  policy  on  control  effectiveness 
for  pollutant  /'  in  driving  aspect  A 
for  a  vchicie  of  type  /?t.  /-  1  indi¬ 
cates  that  effectiveness  is  the  same  as 
when  the  car  was  new.  /  0  indicates 
that  all  of  the  designated  pollutant 
control  has  been  lost. 

Q,r,{RJ,y,a) 

Quantity  of  pollutant  j  emitted  by  an 
a  year  old  vehicle  of  type  in  in  re¬ 
gion  R  during  time  T  in  year  ,v. 

Q,»(R.T:y) 

Total  quantity  of  pollutant  /  emitted 
by  all  vehicles  of  type  m  in  region  R 
during  time  T  in  year  .v. 

<?,(*,  T.tl 

Total  quantity  of  pollutant  /  emitted 
by  all  vehicles  in  region  R  during 
time  T  in  year  y. 

Relations 

(1)  N„(y,a)=--Nm(y„)Sn(u) 

(2)  E,i„ 

(r„0)  =  lUIlm-Al.m(yJi)]!UAm 

(3)  £,*- 

(y,«;  A/}  =  £',*»,  (y„.0)/,4„, (a,  Af) 

(4)  AJlm 

(.r,«f)--/4Jt. 

[1  —  E,r«.(.i',u;  A/)),[l  —  £'Jtm(r„,0)) 

a 
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(5)  Q,m{R,T,yta)  »  2  A,kw,{y,a)D„m(R,Ttu) 

* 

(6)  r;r)- 2  QJm(/t.r;y.a)Nm(y.0) 

■ 

(7)  QA*,r,y)=2:e,*(*.r;r) 

m 

This  relatively  straightforward  model  (or  collec¬ 
tion  of  relations)  relates  substantive,  measurable 
quantitics-and  the  policies  affecting  them-to  the 
rate  of  pollutant  emission.  Even  in  this  simple,  de¬ 
terministic  form  it  may  facilitate  the  comparison  of 
alternatives  and  permit  the  effects  of  policy  and  per¬ 
formance  variations  to  be  examined  systematically. 

MODEL  II: 

The  preceding  model  covers  the  production  of 
pollution.  To  see  what  happens  once  pollution  joins 
the  atmosphere  requires  a  detailed  set  of  models  that 
cover  steps  (g)  through  (k)  of  the  air  pollution 
chain  of  events  (page  330).  Current  understanding 
of  meteorological  (and  atmospheric  chemical)  proc¬ 
esses  is  not  sufficient  to  develop  such  models.  None¬ 
theless,  it  is  possible  to  develop  an  extremely  crude, 
highly  oversimplified  model  of  the  generally  impor¬ 
tant  events  that  offers  some  indication  of  how  some 
key  phenomena  and  policy  variables  might  interact. 
Such  a  model  is  developed  in  appendix  2.  It  is  in¬ 
cluded  only  to  show  in  a  rough,  semiquantitative 
way  what  the  broad  implications  of  certain  policies 
might  be.  It  is  not  meant  to  be  definitive,  and  should 
be  interpreted  more  broadly  than  below  only  with 
considerable  caution. 

Nomenclature 

c ,  ~  Average  concentration  of  pollutant  /  in  a  given 
region 

d~- Characteristic  over-all  dimension  of  a  given  re¬ 
gion  (c.g.,  diameter,  length,  width) 

D~  Effective  atmospheric  diffusion  coefficient 
A' --Rate  at  which  pollutant  j  is  effectively  removed 
from  the  atmosphere 

Sy  Rate  of  emission  of  pollutant  i  in  a  given  region 
(in  the  sensitivity  calculations,  assumed  to  be 
uniform  throughout  the  region) 

V  —  Wind  velocity  (assumed  constant) 

Relation 


Sensitivities 

Despite  its  many  limitations,  this  simple  mode! 
may  show  approximately  how  sensitive  the  average 
pollutant  concentration  is  to  changes  in  emission 
rate,  pollutant  removal  rate,  wind  velocity,  and  re¬ 
gional  size.  The  index  of  sensitivity  used  is  the  per¬ 
centage  change  in  average  pollutant  concentration 
that  might  be  expected  to  result  from  a  one  percent 
change  in  the  indicated  quantity,  with  everything  else 
remaining  constant. 

(i)  Emission  rate:  S, 

A  one  percent  decrease  in  emission  rate  might  be 
expected  to  result  in  roughly  a  one  percent  decrease 
in  average  pollutant  concentration. 

(ii)  Pollutant  removal  rate:  k 

A  one  percent  increase  in  pollutant  removal  rate 
might  be  expected  to  result  in  a  decrease  of  h  percent 
in  average  pollutant  concentration,  where 


For  a  region  in  which  k  -  1/day,  5  miles,  V  -  7 
miles  per  hour,  b  '.O.Ol.  Thus,  it  appears  that  pollu¬ 
tant  concentration  is  at  least  an  order  of  magnitude 
less  sensitive  to  changes  in  the  rate  of  pollutant 
removal  from  the  atmosphere  (by  physical  and 
chemical  means)  than  it  is  to  changes  in  the  emission 
rate. 

(iii)  Wind  velocity:  V 

A  one  percent  increase  in  wind  velocity  might  be 
expected  to  result  in  roughly  a  one  percent  decrease 
in  average  pollutant  concentration. 

(iv)  Atmospheric  dispersion:  D 

This  model  represents  a  physical  situation  in  which 
atmospheric  dispersion  is  not  important  (its  effect 
is  less  than  that  of  the  pollutant  removal  rate).  Dis¬ 
persion  is  important,  however,  when  pollutant  con¬ 
centrations  change  significantly  over  relatively  short 
distances. 

(v)  Regional  size:  d 

A  one  percent  increase  in  the  size  of  the  region 
over  which  pollutants  are  emitted  at  a  uniform  rate 
might  be  expected  to  result  '  <  roughly  a  one  percent 
increase  in  average  pollutant  concentration,  This 
result  has  implications  regarding  the  pollution  effects 
of  urban  sprawl. 

Criteria  for  Costs 

In  evaluating  the  net  monetary  costs  that  might 
result  from  various  policies,  key  questions  are 
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(a)  What  arc  the  monetary  costs  to  the  con¬ 
sumer? 

(b)  What  monetary  benefits  does  the  consumer 
receive? 

Cci  How  arc  these  costs  ami  benefits  distributed 
among  consumers? 

( J)  For  (a)  to  (c),  When1; 

Further  important  questions  about  a  policy's  costs  arc 

(c)  What  arc  the  secondary  costs  or  benefits  to 
the  consumer  that  result  from  changes  in  govern¬ 
mental  tax  revenues  or  government  expenditures? 

( f )  What  is  the  distribution  of  probabilities  for 
future  costs?  That  is,  what  arc  the  likelihoods  of 
actual  costs  in  given  future  years  being  ten  percent 
less  than  those  estimated?  Ten  percent  more.'  Fifty 
percent  more?  Twice  those  estimated?  Five  times 
those  estimated? 

(g)  What  interest  (or  equivalently,  discount)  rate 
is  used  for  comparing  alternative  policies? 

(h)  For  policies  where  reduced  pollution  is  only 
one  of  many  dcsir.d  goals,  what  procedure  is  used 
to  allocate  part  of  the  costs  or  benefits  to  pollution 
control? 

We  stress  the  consumer  in  questions  (a)  through 
(c)  because  the  consumer’s  point  of  view  should  be 
maintained  throughout  ( i )  to  show  what  the  ultimate 
monetary  costs  and  benefits  to  him  might  be  and  (ii) 
to  avoid  double  counting.  The  latter  is  especially  im¬ 
portant  because  without  a  consistent  point  of  view  it 
is  easy  to  count  the  same  costs  over  and  over  again. 

Technological  changes,  for  example,  may  raise 
initial  purchase  prices  of  automobiles;  these  increases 
would  be  costs  to  car-buying  consumers.  These  same 
changes  may  have  entailed  research,  development, 
and  tooling  costs  for  automobile  manufacturers,  re¬ 
search  and  development  costs  for  metals  producers 
and  parts  suppliers,  etc.  But  all  these  costs  arc  repre¬ 
sented  in  the  automobile  purchase  prices  and  should 
not  be  counted  again.  The  increased  revenue  from 
the  increased  prices  balances  these  costs  for  the 
companies  concerned,  so  that  the  net  (primary)  cost 
for  the  economy  is  that  felt  by  the  consumers,  Simi¬ 
larly,  if  pollution  control  were  to  increase  fuel  '‘mile¬ 
age,’’  that  is,  decrease  the  number  of  gallons  of 
fuc’  needed  to  drive  a  given  distance,  the  net 
(primary)  benefit  would  be  the  net  savings  to  the 
car-operating  public;  including  the  effects  on  petro¬ 
leum  company  revenues,  etc,,  would  be  double  count¬ 
ing. 

Distributional  effects  may  be  important  if  costs 
or  benefits  are  distributed  quite  unevenly.  If,  for 
example,  pollution  control  changes  were  to  increase 


the  prices  of  inexpensive  vehicles  and  decrease  their 
fuel  mileage,  yet  not  affect  the  prices  of  more  ex¬ 
pensive  cars  and  increase  their  fuel  mileage,  one 
would  want  to  consider  the  distribution  of  costs  as 
well  as  the  over-all  total. 

When  net  costs  occur  is  important  because,  (i;  their 
timing  may  affect  consumers’  ability  or  willingness 
to  pay  them  and  (ii)  money  can  earn  interest,  so  that 
costs  incurred  todav  are  valued  at  more  than  the 
same  costs  incurred  some  years  from  now.  How 
different  the  valuation  is  at  different  times  depends 
on  the  interest  rate-question  (g).  Selection  of  an 
interest  rate  is  discussed  in  the  following  section. 

Scconda.)  costs  and  benefits  accrue  to  consumers 
through  the  effects  policies  have  on  government  re¬ 
ceipts  and  expenditures.  Decreased  fuel  consumption, 
for  example,  would  result  in  decreased  fuel  taxes  to 
states  (about  6  cents  of  the  price  of  a  gallon  of  fuel 
is  state  tax)  and  to  the  Federal  government  (4  cents 
per  gallon  is  Federal  tax).  Most  of  these  taxes  go  into 
special  highway  funds  that  are  kept  separate  from  gen¬ 
eral  treasuries,  however,  so  that  it  is  difficult  to  trace 
directly  the  effects  decreased  revenue  would  have. 
Highway  programs  might  be  curtailed  or  stretched 
out,  or  possibly  reorganized;  what  these  steps  might 
mean  to  consumers  (and  when)  is  not  clear.  Increased 
vehicle  purchase  prices  might  result  in  increased  state 
revenues  in  states  having  sales  taxes  on  vehicles  and 
might  result  in  increased  Federal  revenues  through 
the  corporate  profit  tax.  Tracing  the  effects  of  pollu¬ 
tion  control  costs  and  price  increases  through  corpo¬ 
rate  ledgers  to  see  how  they  affect  profits,  however,  is 
iikely  to  prove  unrewarding,  and  tracing  the  effects 
of  slightly  increased  tax  revenues  on  consumers  is 
likely  to  be  difficult.  Thus,  one  might  assume  most 
secondary  effects  to  be  negligible  unless  they  clearly 
are  not. 

In  evaluating  policies,  il  is  important  to  recognize 
that  many  costs,  especially  those  associated  with  in¬ 
completely  developed  technologies,  arc  quite  un¬ 
certain.  Many  are  only  guesses,  based  on  conjectures 
and  preliminary  information  that  may  later  prove  to 
be  wrong.  Careful  application  of  the  techniques  of 
"technological  forecasting"  •  may  help  to  bound  cost 
estimates.  But  no  technique,  no  matter  how  in¬ 
genious,  can  yield  more  than  probabilistic  estimates 
of  the  costs  (or  benefits)  that  might  stem  from  altcr- 


'For  t  discussion  of  " technological  lorecasling"  see  M. 
Caron,  '  Forecasting  Technology."  Iiilcniatioiwl  icictu  e  uiul 
Technology,  No.  69,  H3-92  (Sep  ember  1967), 
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n  iiivcs  that  have  never  been  tried  or  do  not  yet  exist. 
The  best  that  now  seems  possible  is  to  choose  care¬ 
fully  an  expected  value  (or  “best  guess")  of  the  costs 
and  benefits,  based  on  the  information  and  insighi 
available,  and  then  to  till  out  an  approximate  (sub¬ 
jective)  probability  distribution  by  answering  the 
latter  part  of  question  (f). 

Using  the  expected  value  alone  is  hazardous,  un¬ 
less  there  arc  very  good  reasons  to  believe  that  the 
costs  cannot  differ  greatly  from  it  An  error  of  SI 
per  vehicle  in  cstimnt«"J  present  value  is  an  estimat¬ 
ing  error  of  about  $100  million- a  small  part  of  the 
GNP  but  significant  nonetheless.  If  the  costs  are  un¬ 
certain,  as  they  surely  arc  for  some  policies,  policy 
makers  and  the  public  should  know  how  uncertain, 
so  that  they  can  choose  and  plan  accordingly.  In 
some  eases,  incurring  additional  costs  for  experi¬ 
mentation  and  careful  monitoring  may  reduce 
uncertainty  significantly;  deciding  whether  such  ex¬ 
penses  are  worthwhile  entails  having  some  idea  how 
uncertain  the  estimates  might  be  without  the  addi¬ 
tional  knowledge. 

When  vehicular  pollution  control  was  thought  to 
involve  merely  adding  on  devices  without  essentially 
changing  vehicles  any  other  way,  assigning  costs  to 
pollution  control  appeared  straightforward.  Now  that 
technological  pollution  control  appears  to  involve 
basic  engine  redesign,  deciding  how  much  of  the  re¬ 
design  cost  to  charge  to  pollution  control  is  no  longer 
so  simple.  Some  redesign  might  occur  as  part  of  some 
year’s  model  change  even  without  the  impetus  of 
pollution.  And,  if  it  is  thorough  and  well  done,  the 
redesign  may  improve  aspects  of  vehicular  perform¬ 
ance  other  than  pollution.  These  other  improve¬ 
ments  arc  not  valueless.  Similarly,  redesigning  may 
alter  some  performance  aspects  undesirably;  how 
much  of  the  “degradation"  should  be  charged  to  pol¬ 
lution  control  and  how  much  to  other  design  trade¬ 
offs  (such  as  arc  made  normally)  is  not  immediately 
clear. 

Many  of  the  non-technological  alternatives  pro¬ 
posed  serve  mainly  other  objectives;  for  them, 
pollution  is  an  incidental  consideration.  If  increased 
consumer  costs  for  these  do  reduce  pollution,  how¬ 
ever.  even  incidentally,  some  of  those  costs  might 
legitimately  be  charged  to  pollution  control.  Deter¬ 
mining  how  much  should  be  charged  is  much  like 
determining  the  cost  of  a  secondary  by-product,  a 
problem  that  has  not  been  satisfactorily  resolved, 
even  in  industries  where  such  by-products  arc 
common. 

These  allocation  problems  make  determining  the 


"cost  of  vehicular  pollution”  either  extremely  difli- 
eult  or  very  arbitrary.  Proposals  for  tax  incentives, 
cost  sharing,  or  accelerated  depreciation  to  stimulate 
pollution  control  investment  must  face  these  prob¬ 
lems;  otherwise  they  would  seem  likely  to  have  more 
effect  on  accounting  procedures  than  on  research 
and  development  or  design  and  production. 

I  ill  trail  Rata  for  Comparing  Alltnialiftt 

As  previously  mentioned,  interest  causes  costs  and 
reduced  pollution  occuring  in  the  future  to  be  valued 
less  than  the  same  costs  and  benefits  occurring  now. 
Comparing  alternatives  formally  for  pollution  reduc¬ 
tion  and  costs,  therefore,  entails  selecting  an  interest 


rate.  The  following  table 
interest  rate  chosen: 

shows  the  effect  of  the 

Relative  Value  uf  CoU  oi  Benefit 

Annual 

Value  of  C«M 

Occuri  inti 

Interest  Rate? 

or  Benefit  Now  ID  year*  from  now 

20  year*  from  now 

i% 

$100. 

$90.53 

$81.95 

2% 

$100. 

$82.03 

$67.30 

3% 

$100. 

$74.41 

$55.37 

5% 

$100. 

$61.39 

$37.69 

10% 

$100. 

$38.55 

$14.86 

20% 

$100. 

$16.15 

$  2.61 

1  Compounded  annually 

A  low  interest  rate  assigns  relatively  high  importance 
to  the  future,  whereas  a  high  interest  rate  focusses 
almost  entirely  on  the  present  and  neglects  all  but 
the  relatively  near  future. 

There  is  an  enormous  literature  on  the  subject 
of  interest  rates  which  we  shall  not  attempt  to  review. 
We  merely  point  out  that  for  problems  such  as  vehic¬ 
ular  air  pollution,  the  future  is  usually  considered 
quite  important,  so  that  the  interest  rate  used  is 
usually  rather  low.  The  "social  interest  rate"  reflects 
a  different  emphasis  on  the  future  than  the  com¬ 
petitive-market  interest  rate.  We  may  wish  cleaner 
air  for  ourselves,  but  even  more  we  desire  its  benefits 
for  future  generations.  Because  of  the  significant 
differences  between  the  probable  effects  of  private 
and  collective  action,  most  people  agree  that  the 
community  as  a  whole  should  undertake  more  in¬ 
vestment  than  each  person  would  undertake  in¬ 
dividually.  Each  views  his  own  sacrifice  as  a  small 
price  paid  to  gel  others  to  cooperate  in  making  the 
investments  he  wants.*  Thus,  in  evaluating  air  pollu- 

•S.  A.  Marplot ,  Chapter  2  in  Design  oj  Water-Resource 
Systems,  A.  Mans s  (Rtl).  Harutril  University  Press,  1962, 
pp.  17-48. 
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lion  policies,  the  future  should  he  valued  highly,  tin. 
interest  rate  chosen  should  be  lower  than  that  Used 
in  evaluating  private  investments. 

Criteria  For  Effects  On  The  Motor  Vehicle  System 

Pollution  control  policies  may  atTcct  the  motoi 
vehicle  system  per  .«•  by 

(a)  Changing  performance  characteristics  such  as 
range,  acceleration,  rate  of  acceleration,  "optimum'1 
speed,  maximum  speed,  lighting,  rapidity  of  smarting, 
adaptability  to  different  environments  (heat,  cold, 
dust,  wind,  rain,  snow,  ice),  capacity  (for  people  and 
goods),  versatility  (or  flexibility),  and  reliability. 

(b)  Changing  the  qualities  of  comfort  by  affecting 
noise  (level  and  character),  vibration,  environmental 
control  (heating,  air-conditioning),  accessories  (radio, 
cigarette  lighter,  power  steering,  power  brakes, 
power-operated  windows,  etc.),  and  status  value, 

(c)  Affecting  safety.  The  “boundary  conditions’* 
for  safety  design  arc  not  now  known  with  certainty; 
many  of  those  now  in  lawbooks  arc  basically  arbi¬ 
trary. 

(d)  Changing  convenience  characteristics  such  as 
ease  of  starting,  ease  and  rapidity  of  refueling,  fre¬ 
quency  and  extent  of  maintenance,  ease  of  parking, 
ability  to  handle  goods  and  people,  and  compatibility 
of  parts  with  the  rest  of  the  motor  vehicle  and  trans¬ 
portation  system. 

The  criteria  for  evaluating  these  effects  are  not 
well  understood,  but  the  effects  are  important,  never¬ 
theless.  Public  acceptability  is  an  important  criterion, 
for  example,  but  one  shrouded  in  myths  and  mys¬ 
tique.  The  public's  criteria  for  these  effects  are  ob¬ 
viously  interrelated.  Some  people  may  be  willing  to 
trade  capacity  and  certain  features  of  comfort  for 
greater  acceleration,  maximum  speed,  status  value, 
etc.,  as  they  now  do  when  they  buy  sports  cars. 
Other  people  prefer  small,  lower  performance  cars, 
and  still  others  prefer  station  wagons,  large  cars, 
pick-up  trucks,  etc.  The  current  spectrum  of  perfor¬ 
mance,  comfort,  safety,  and  convenience  charac¬ 
teristics  is  relatively  broad.  And  the  car-buying  and 
ear-operating  public  is  diverse  in  its  needs,  desires, 
perception  of  what  is  available,  and  ability  to  pay, 
Thus  it  is  difficult  to  lay  down  universal  criteria  for 
“public  acceptability"  other  than  those  which  ensure 
that  vehicles  will  perform  “satisfactorily"  in  the  road 
environment. 

Basic  criteria  for  such  satisfactory  performance 
are  given  by  the  Subpanel  on  Energy  Storage  and 
Conversion  Systems.  Additional  requirements,  as 
yet  not  completely  understood,  are  imposed  by  inter¬ 


sections,  expressway  on-ramps,  hUUuuc.  rural  roads, 
and  traffic  that  includes  a  wide  variety  of  vehicles. 
Traflic  performance  may  be  quite  important  as  a 
criterion  for  electric  vehicles  that  have  limited  ac¬ 
celeration.  Preliminary  theories  indicate  that  (he 
susceptibility  of  traflic  to  "instabilities"  and  collisions 
may  increase  as  (he  range  of  vehicle  acceleration 
abilities  increases. Furthermore,  having  even  mod¬ 
erate  numbers  of  slowly  accelerating  vehicles  in 
heavy  traffic  could  seriously  degrade  traffic  flow. 

Evaluating  the  safety  of  new  vehicles  (and,  to  a 
lesser  degree,  of  other  pollution-combating  alterna¬ 
tives)  wili  be  an  administrative  problem  for  the  De¬ 
partment  of  Transportation,  which  is  responsible 
for  formulating  Federal  safety  regulations.  It  should 
not  be  assumed  that  serious  problems  will  be  obvi¬ 
ated  because  electric  vchicles-as  now  being  tested- 
arc  to  be  used  mainly  in  relatively  low-speed  (own 
driving.  A  high  proportion  of  fatalities  occurs  in 
accidents  involving  vehicles  that  were  driving  be¬ 
tween  20  and  40  miles  per  hour.  Attention  must  be 
given  to  the  interactions  between  electric  and  regular 
vehicles,  and  to  means  of  protecting  the  driver  and 
occupants  of  electric  vehicles,  if  a  noticeable  number 
of  electric  vehicles  appears  on  the  roads. 

Pollution  control  changes  may  also  affect  more 
than  jusl  vehicles.  For  evaluating  electric  vehicles, 
for  example,  support  hardware  (e.g.,  electric  charging 
facilities),  system  maintenance,  command  and  con¬ 
trol  (e.g.,  direct  communication  with  vehicles  to  in¬ 
dicate  best  routings,  etc.),  traffic  assignment  (e.g., 
rights  of  way),  and  system-cost  should  also  be  taken 
into  account,  One  should  also  examine  possible  im¬ 
pacts  on  transportation  system  design.  It  seems,  for 
example,  that 

(A)  Emission  reduction  •  would  greatly  facilitate 
the  design  and  construction  of  tunnels  and  partially 
or  totally  underground  highways.  Ventilation  require¬ 
ments  now  significantly  limit  the  extents  of  both 
tunnels  and  underground  roads,  and  greatly  increase 
the  costs  of  building  and  operating  them.  Major 
reductions  of  ventilation  requirements  that  would 
ensue  from  major  reductions  of  pollutants  would  free 
designers  from  current  constraints  and  save  tax¬ 
payers’  dollars. 

(B)  Emission  reduction,  especially  if  accompanied 
by  significant  noise  reduction,  would  permit  extensive 
use  of  the  air-space  over  highways.  Occupants  of  the 
few  structures  now  built  over  highways  suffer  greatly 
from  aulomobile-caused  dirt,  fumes,  and  noise,*  Bui. 

• The  Nfn  Yurt,  Times,  June  20,  1967,  p,  4i, 


130 


for  the  long  run,  use  of  highway  air-space  for  build¬ 
ings  or  for  integrated  “linear  cities"  is  felt  by  many 
to  be  quite  important,  In  many  cities  roads  (and 
access  ramps)  use  large  amounts  of  land  and  destroy 
neighborhood  integrity,  Development  of  highway- 
air-space  might  offset  such  effects,  but  highway  air¬ 
space  i>  likely  to  be  developed  only  if  automobile 
emissions  and  noise*  arc  substantially  reduced. 

(C)  Improving  local  meteorological  conditions  re¬ 
quires  careful  highway  design  that  takes  account  of 
prevailing  winds  and  attempts  to  reinforce  rather 
than  negate  them. 

AdaUalstralivc  And  Economic  Criteria 

Policies  to  control  vehicular  pollution  should  be 
consistent  with  the  following  administrative  and 
economic  principles: 

(1)  Policies  should  permit  decisions  (o  be  as  de¬ 
centralized  ns  possible.  Tor  example,  other  things 
being  equal,  a  rule  that  emissions  "be  reduced  by  a 
certain  amount  is  preferable  to  a  rule  that  particular 
devices  be  installed,  since  the  former  permits  alterna¬ 
tives  to  be  considered  that  may  be  cheaper  than  the 
devices  specified  in  the  latter."** 

(2)  Policies  should  be  flexible  and  consciously  ex¬ 
perimental.  As  experience  accumulates,  information 
will  be  gained  about  the  problems,  costs,  and  benefits 
of  pollution  control.  We  will  then  revise  our  ideas 
about  desirable  amounts  und  methods  of  control, 
and  have  to  revise  control  schemes  accordingly.*** 
Policies  covering  uncharted  ground  should  conscious¬ 
ly  include  experiments  carefully  designed  to  yield 
meaningful  experiential  information  as  soon  as 
possible. 

(3)  Policies  should  attempt  to  expand  future  “free¬ 
dom  of  choice.”  To  increase  the  opportunities  avail¬ 
able  in  the  future,  rigid,  inflexible,  long-term  com¬ 
mitments  should  be  avoided.  And  policies  should, 
whenever  possible,  be  designed  so  that  more  options 
or  choices  will  be  available  in  the  future  than  were 


*h'or  ill  it  pmfh  Mf  noise  it  u  /cur/  piobleni  than 
j/tvn,  but  it  sviious  noth' t In  l «.n,  froper  Insulation  ami 
uanotic  bajjlnw  eun  Jo  non  ft  lo  teJme  the  fun  lion  of  rtmJ 
tutise  ihui  teaehes  people's  am,  Urn  fun  with  stub  Jesiun, 
noise  levels  may  still  be  annoying  to  some  unless  vehitte 
ntntf  emissions  on-  reJmeJ. 

V  Mtlh,  "  turnout  ii  hm-ntnes  in  Air ‘Pollution 
Control,"  in  It.  lYolo;in  f/.i/J.  1  In  f.annnin n  of  An  Polht- 
lion,  W .  W,  Xorton  <C  Co.,  Sew  York,  1^66,  p.  42. 

*  **lbuf.,  p.  42. 


available  when  the  policy  began. 

(4)  Policies  should  seek  lo  minimize  administra¬ 
tive  complexity.  Other  things  being  roughly  equal, 
policies  that  require  fewer  formal  procedures,  fewer 
detailed  regulations,  and  fewer  administrative  and 
enforcement  personnel  are  preferable.  Considerable 
atteniioti  should  be  given  to  devising  policies  that 
might  at  icast  partially  enforce  themselves,  e.g.,  by 
offering  a  combination  of  positive  and  negative 
incentives-with  built-in  social  or  economic  feedback 
-that  might  encourage  people  to  reduce  pollution 
without  direct  regulation, 

(5)  Policies  should  seek  to  attain  finer  control. 
Policies  should  seek  to  recognize  the  liner  details 
of  pollution  control,  e.g.,  that  not  all  pollutants  at 
all  times  in  ail  places  arc  equally  undesirable.  Adopt¬ 
ing  pollutant  mass  emission  standards  rather  than 
concentration  standards  would  also  be  a  step  in  this 
direction. 

(6)  Policies  should  strive  to  Improve  means  lo 
measure  and  monitor  pollutant  emissions,  concen¬ 
trations,  and  effects.  Ability  to  measure  and  monitor 
lies  at  the  heart  of  virtually  all  pollution  control. 
Many  of  the  other  criteria  in  this  section  would  be¬ 
come  meaningless  without  better  means,  so  that  de¬ 
velopments  in  measuring  and  monitoring  should  be 
given  high  priority. 

(7)  Policies  should  be  coupled  with  careful  eco¬ 
nomic  research  and  system  experimentation.  We  now 

know  so  little  about  the  costs  and  benefits  of  various 
forms  of  pollution  control  that  choosing  wise  policies 
is  difficult.  Without  some  form  of  benefit-cost  evalua¬ 
tion,  it  is  hard  to  determine  desirable  amounts  or 
means  of  abatement.  Without  some  fornt  of  system  ex¬ 
perimentation  and  concurrent  economic  research,  not 
much  about  benefits  and  costs  is  likely  to  be  learned. 
Thus,  well  designed  schemes  of  experimentation  and 
research  should  be  emphasized  in  connection  with 
any  control  policy. 

(8)  Policies  should  emphasize  learning  on  the  part 
of  the  pubtk,  industry,  and  government.  Because  we 
now  know  so  little  about  so  much,  the  public,  in¬ 
dustry,  und  government  are  susceptible  to  rumors, 
myths,  and  misinformation.  All  need  consciously 
and  systematically  to  learn  from  accumulated  experi¬ 
ence;  thus,  policies  should  emphasize  and  facilitate 
such  learning. 

(9)  Policies  should  lake  into  account  possible 
major  risks  and  contingencies.  Mow  one  accounts 
for  risks  and  contingencies  depends  upon  one’s 
optimism  about  the  future  and  one's  inclination  to 
gamble.  But  major  contingencies  (such  as  unforeseen 
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chronic  medical  effects  of  certain  pollutants,  possible 
inadvertent  weather  modification,  possible  major 
risks  should  biological  pollution  scavengers  be  used, 
etc  )  should  be  taken  into  account,  and  provided  for 
if  evaluation  indicates  that  the  likelihood  of  occur¬ 
rence  and  danger  so  warrants. 

(10)  Policies  should  strive  to  be  equitable.  Equit- 
ability  (or  "fairness"),  of  course,  depends  on  one's 
point  of  view.  Nevertheless,  equitabiiity  has  been  and 
remains  an  important  criterion  for  American  public 
policy,  especially  for  evaluating  policies  that  appear 
to  allocate  or  distribute  benefits  and  costs  unevenly. 

(11)  Policies  should  realistically  take  into  account 
their  leverage  over  the  events  they  seek  to  control. 
Some  policies  proposed  to  combat  vehicular  pollu¬ 
tion— e.g.,  modifying  urban  form-have  little  influence 
over  or  real  ability  to  control  the  factors  that  will 
determine  whether  they  succeed  or  fail.  The  prob¬ 
ability  of  such  policies  resulting  in  what  they  aimed 
for  is  thus  exceedingly  small. 

((2)  More  efficient  control  can  normally  be  ob¬ 
tained  by  incentives  that  depend  on  the  variable 
one  desires  to  influence  rather  than  by  incentives 
'hat  depend  on  a  related  variable.*  Penalties,  in¬ 
centives,  or  regulations  that  depend  on  the  amount 
of  pollutants  discharged  arc  likely  to  be  more  effi¬ 
cient  than,  for  example,  those  that  depend  on  auto¬ 
mobile  mileage.  The  latter  would  distort  resource 
use  in  favor  of  other  transportation  modes  and 
against  better  emission  conf  ols,  and  would  thus 
be  influencing  the  wrong  things. 

(13)  Payments  or  subsidies  are  subject  to  the 
following  problems**  (in  addition  to  cost-allocation 
problems): 

(a)  There  is  no  natural  ‘'origin'*  for  payments  or 
subsidies.  "In  principle,  the  payment  should  be  for 
a  reduction  in  the  discharge  of  pollutants  below 
what  it  would  have  been  without  the  payment.  Esti¬ 
mation  of  this  magnitude  would  be  difficult  and  the 
recipient  of  the  subsidy  would  have  an  obvious  in¬ 
centive  to  exaggerate  the  amount  of  pollutants  he 
would  have  discharged  without  the  subsidy." 

(b)  Payments  or  subsidies  violate  feelings  of 
equity.  People  feel  that  if  polluting  the  air  is  a  cost 
of  certain  activities,  then  those  who  benefit  from 
those  activities  ought  to  pay  the  cost. 

(e)  "If  the  tax  system  is  used  io  make  the  pay¬ 
ments.  e  g.,  by  permitting  a  credit  against  tax  liability 
for  reduced  [emissions],  a  ‘gimmick’  U  introduced 

•Ibid.,  p.  u. 

••Ibid.,  p.  4S. 


Into  the  lax  system,  which,  other  things  being  equal, 
it  is  better  to  avoid.  Whether  or  not  the  tax  system 
is  used  to  make  the  payments,  the  money  must  be 
raised  at  least  partly  by  higher  taxes  than  otherwise 
for  some  taxpayers.  Since  most  of  our  taxes  arc  not 
neutral,  resource  misallocatton  may  resuit." 

(14)  Policies  should  take  into  account  “spill-over" 
cost*  and  benefits  Certain  policies  that,  for  example, 
stimulated  the  use  of  electronic  controls  on  motor 
vehicles  might  facilitate  the  eventual  intnxiuction  of 
automated  traffic  control,  with  its  attendant  effects 
on  congestion.  Policies  that  reduced  downtown  park¬ 
ing  in  order  to  cut  down  on  the  number  of  polluting 
automobiles  might  seriously  affect  downtown  com¬ 
merce.  Policies  that  reduced  motor  vehicle  noise  as 
well  as  chenttcnl  pollution  might  have  significant 
impact  on  the  values  of  property  within  earshot  of 
busy  streets  and  highways, 

(15)  Policies  should  consider  the  possible  impacts 
of  pollution  reduction  on  alternative  forms  ot  medical 
care.  (This  criterion  appears  to  be  of  minor  impor¬ 
tance  now.  but  might  be  kept  in  mind  us  the  medical 
effects  of  pollutants  become  belter  understood.) 

Criteria  For  Federal  Role 

Agreement  on  criteria  for  (he  Federal  role  is 
scarcely  unanimous,  for  the  extent,  scope,  and  nature 
of  Federal  concern  in  any  question  have  become 
polarizing  issues  in  contemporary  politics.  However, 
the  Federal  role  appears  logically  tc  include  protect¬ 
ing  the  public  interest,  especially  in  matters  such  as 
health  where  the  "market”  is  highly  imperfect,  and 
coordinating  and  stimulating  private  activities  to 
insure  that  the  public  interest  is.  indeed,  protected 
adequately,  Also,  although  the  Federal  Government 
has  not  always  handled  this  responsibility  well,  it 
should  attempt  to  ensure  that  the  long-run  is  ade¬ 
quately  considered,  i.e..  that  short-range  problems  do 
not  drive  out  long-range  planning. 

More  detailed  questions,  such  as  the  best  combina¬ 
tion  of  industrial  stimulation  and  Federal  in-house 
research,  lie  beyond  the  scope  of  this  report. 

Part  of  the  Federal  role  also  involves  sustaining 
high-quality  professional  interest  in  technical  areas 
related  to  air  pollution,  To  attract  excellent  talent, 
continuing  emphasis  and  funding  will  be  needed. 
Young  professionals  beginning  their  careers  and  well- 
established  professionals  who  might  be  attracted  by 
the  challenge  will  work  in  air  pollu.ion  only  if  it 
appears  to  hold  promise  of  remaining  an  important 
field  for  at  least  several  years.  Thus,  it  is  important 
to  avoid  short-term  "kicks"  or  faddish  interests  that 
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decline  quickly,  and  to  establish  provisions  for  long¬ 
term  support  sufficient  to  develop  »  "critical  mass" 
of  research  and  to  inlHicnce  the  interests  and  skills 
of  those  still  in  (he  educational  "pipeline." 

fn  addition,  the  Federal  role  involves  coordinating 
the  various  Federal  interests,  ensuring  United  States 
participation  in  international  endeavors,  and  facilitat¬ 
ing  the  floss  c>f  information  and  teelmologieal  results 
among  those  working  to  solve  the  vehicular  pollution 
problem, 

Aa  important  question  that  will  become  Utercav- 
ingly  important  is  the  traditionally  thorny  issue  of 
Federal-State  roles  and  relations.  States,  particularly 
California,  have  been  pioneers  in  combating  vehic¬ 
ular  pollution  and  remain  scry  active  and  conscious 
of  their  problems,  which  continue  to  grow,  Some, 
particularly  California,  have  problems  caused  by 
motor  vehicle  concentrations  and  unfavorable  mete¬ 
orology  that  exceed  those  recognized  elsewhere  and 
which,  in  their  view,  require  standards  stricter  than 
those  now  or  to  he  imposed  nationally  by  the  Federal 
government.  These  states  are  understandably  con¬ 
cerned  about  the  Federal  government's  possibly  pre¬ 
empting  the  field  of  emission  control  and  thereby 
preventing  them  from  achieving  the  more  rapid 
progress  they  seek. 

The  administrative  and  economic  criteria  outlined 
in  the  preceding  section  seem  to  point  toward  these 
states'  view.  The  air  pollution  problem  is  national  in 
scope  and  importance;  the  externalities  involved  do 
dictate  government  action;  and  the  problems  that 
might  be  posed,  by  a  welter  of  conflicting  local  regu¬ 
lations  do  indicate  that  national  action  is  desirable. 
Yet  decentralization,  flexibility,  administrative  com¬ 
plexity,  fineness  of  control,  and  equitubility  all  point 
toward  "air  shed"  or  localized  standards  (possibly 
embedded  in  national  regulations)  as  the  best  policy. 
Public  health  programs  have  long  been  guided  by  the 
sound  principle  of  "treat  (he  problems  where  the 
problems  are."  One  may  have  national  minimum 
standards  for  certain  aspects  of  health,  hut  one 
should  scarcely  deny  tighter  standards  to  states  that 
have  problems  more  serious  than  the  average;  that 
would  effectively  mean  denying  those  citizens  their 
equal  protection  under  the  law,  since  the  effectiveness 
of  protection  depends  on  the  magnitude  of  the  prob¬ 
lem  as  well  as  on  the  cure. 

Incentives 

The  Federal  Government  and  several  state  govern¬ 
ments  have  provided  strong  incentives  for  motor 
vehicle  pollution  control  through  emission  standards. 


These  standards,  discussed  more  fully  in  the  sub- 
panel  repot t  on  Aii  Pollution.  Iiuve  set  maximum 
limits  for  selected  pollutant  concentrations  in  new 
cars'  exhausts. 

Ollier  incentives  fur  change  would  be; 

(a)  Other  performance  requirements  related  to 
pollution  e.g..  standards  based  on  pollutant  mass 
lluvv  rather  than  on  concentrations. 

(b)  Grants  for  research  or  development  on,  or 
application  of  new  technology  or  new  system-man¬ 
agement  practices 

(e)  Direct  taxes  (possibly  related  to  emissions) 
on  vehicles  not  meeting  pollution  control  standards. 

(d)  Regulations  or  laws  designed  to  ailed  use 
preferences  or  effect  system  management, 

One  action  of  interest  to  people  concerned  with 
cities  that  might  indirectly  stimulate  pollution  control 
is  to  require  major  urban  highways  to  be  located 
partially  or  totally  underground.  The  main  additional 
construction  costs  of  underground  highways  relative 
to  above-ground  highways  stem  from  tunnelling  and 
ventilation,*  For  long  stretches  of  underground  high¬ 
way.  ventilation  costs  can  be  quite  large.  The  emis¬ 
sion  reductions  that  would  result  from  pollution  con¬ 
trol  would  permit  significant  reductions  in  the  air- 
circulation  rates  (and  hence  the  equipment  and 
power)  needed  to  ventilate  tunnels  and  underground 
roads.  Stimulation  of  underground  highways  thus 
would  increase  the  incentives  for  pollution  control 
(by  adding  a  significant  new  benefit). 

ALTERNATIVES 

This  section  identifies  a  broad  spectrum  of  alter¬ 
native  policies  to  combat  vehicular  pollution.  The 
spectrum  encompasses  technological  and  nun-techno¬ 
logical  approaches  and  some  that  are  a  mixture  of 
both.**  The  section  has  three  basic  purposes;  to  de¬ 
pict  the  full  range  of  pollution  control  possibilities. 

*  These  com  are  portly  offset  /»>  t educed  hold  inquisition 
and  man  not  co\ts,  it’d  toed  s*niat  didoaitum,  fnwihh 
tedueed  anti  of  utility  relocation^  etc. 

**1  hr  thataeUr  »j/  these  atu mom  e\  is  n  htliuh  unritti, 
Although  tin ■  report1 1  slimline  may  appear  in  indit ate  that 
u!l  the  uhu  turn's  it  din  mud  we  ronchly  puwllet,  they 
<  It  oily  we  not.  the  tuhnolopiml  aht  man's  es  an  in  general 
mote  slia  qlrfotward,  nto.e  anumthle  to  dim  l  application, 
and  h  i\  hitly  to  indtu ;  nnijot  mhuiI  awl  muunnie  side • 
effeits.  The  noioteihitoloplcal  aiieinaitsi. t  are  more  difficult 
to  ifha  and  imolse  none  .w hmI  uidouttion  on J  possibly 
unpleasant  side-effect*.  Technoloithal  allematises  clearly 
should  MU'/if  hiithvu  pnoiiiy.  If  they  ore  able  to  s alee  the 
problem,  no  Jut. her  at  lion  i\  mussats.  If  they  are  not  able 
to  Milve  the  i  ehiiulw  an  pollution  pioblent,  and  the  piobh'tn 
remains  senous,  then  some  of  the  lelutively  mwe  aiimctire 
non-tuhtiolouuiil  alternating  may  be  justified. 
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to  indicate  approximate  evaluations  or  rankings  of 
the  alternatives,  and  to  point  out  areas  where  new 
efforts  might  be  fruitful. 

The  section  consists  of  four  parts,  which  cover  (  I  I 
policies  to  reduce  the  level  of  activity  that  leads  to 
pollution,  (2)  policies  to  reduce  the  amount  of  pol 
lution  cmltteJ  per  "unit"  of  activity.  (31  policies  to 
reduce  the  impact  of  pollutants  that  arc  emitted,  and 
(4)  possible  impacts  of  various  policies  on  certain 
disadvantaged  groups  and  the  national  economy. 

Alternatives  Tu  Reduce  The  Level  Of  Polluting 
Activities 

In  designing  approaches  to  reduce  the  level  of  pol¬ 
luting  activity,  one  must  take  into  account 

(a)  The  kind  of  activity  to  lie  reduced. 

(b)  Where  one  wishes  to  have  it  reduced,  and 

(c)  When  one  wishes  to  have  it  reduced. 

To  keep  costs*  us  low  as  possible,  control  policies 
should  be  as  specific  us  possible.  One  should  not.  for 
example,  decide  to  reduce  all  motor  vehicle  travel  at 
all  times  in  all  parts  of  a  metropolis  without  first 
determining  whether  reducing  acceleration  and  de¬ 
celeration  during  summer  morning  hours  downtown 
might  achieve  nearly  the  same  reduction  in  pollu¬ 
tion  effects  with,  possibly,  much  less  dislocation  and 
cost. 

One  might,  thus,  reduce  the  level  of  polluting 
activity  by 

(a)  Reducing  the  total  amount  of  urban  trans¬ 
portation,  v, 

< b )  Reducing  the  total  amount  of  motor  vehicle 
travel  throughout  a  metropolitan  area 

(c)  Shifting  some  of  the  demand  for  motor  vehi¬ 
cle  travel  to  less  polluting  modes  of  transportation. 

(d)  Reducing  total  motor  vehicle  travel  in 
severely  affected  areas 

(c  J  Reducing  all  motor  vehicle  travel  in  affected 
areas  at  affected  times. 

(f)  Reducing  the  extent  of  motor  vehicle  travel  in 
especially  polluting  aspects  of  driving  ( with  possible 
further  qualification  to  specific  areas  and  or  times) 

(g)  Reducing  travel  by  more  highly  polluting 
vehicles. 

Reducing  The  Total  Amount  Oj  I'rbau 
Transportation 

There  are  basically  two  ways  to  reduce  the  total 
amount  of  urban  transportation:  to  reduce  the  dc- 

tliou  iieiinnliiK  Irani  m/unt  t  tht  t\  of 
reduced  activity  levels. 


niand  and  or  to  restrict  the  supply.  To  reduce  the 
demand,  two  main  approaches  have  been  proposed 
t  he  lit  si  is  to  redesign  sections  of  metropolitan  areas 
to  reduce  need  arid  demand  fur  transportation,  and 
to  so  design  new  areas.  The  second  is  to  substitute 
communications  services  for  direct  transportation. 
The  following  paragraphs  discuss  each  of  these,  in 
turn. 

The  lengths  and  frequencies  of  trips  in  a  metro¬ 
politan  area  are  functions  of  its  structure  as  well  as 
of  its  transport  system  and  socio-economic  charac¬ 
teristics,  The  relationships  of  homes  to  jobs,  and  to 
shopping,  cultural,  educational,  and  recreational  fa¬ 
cilities  strongly  influence  (he  over-all  amount  of 
metropolitan  travel.  It  has  thus  been  suggested  that 
the  total  demand  for  transportation  might  he  reduced 
if  one  could 

(i)  Provide  better  spatial  integration  of  residences 
and  offices  in  communities,  to  reduce  the  home-work 
place  separation.  At  one  extreme,  this  could  involve 
recreating  villages  or  villuge-like  environments  that 
would  be  relatively  self-contained.  Although  suth 
environments  might  be  attractive  to  some,  they  would 
very  likely  reduce  the  range  of  choices  in  jobs,  social 
contacts,  etc.  available  to  metropolitan  residents  and 
thus  do  away  with  a  lot  of  the  advantages  now 
found  in  city  living.  A  more  moderate  version  of  the 
same  proposal  might  involve  revising  zoning  prac¬ 
tices  to  permit  greater  intermixing  of  residences  and 
oltices  throughout  metropolitan  areas.  This  version 
entails  less  radical  change  than  the  other,  but  still 
suiters  from  lack  of  leverage  on  the  part  of  planners 
and  the  inertia  of  the  current  context.*  Evidence 
suggests,  too.  that  the  few  new  "mixed"  communities 
of  this  type  built  thus  far  have  not  reduced  transpor¬ 
tation  significantly.  People  who  have  bought  the 
houses  have  continued  to  work  elsewhere,  and  most 
of  those  who  have  come  to  work  in  the  communities 
have  continued  to  live  elsewhere  even  though  so 
doing  has  often  entailed  long  commuting, 

<ii)  Substitute  elevator  for  ground  transport  by 
judicious  use  of  tall  buildings.  Tall  buildings  abet 
urban  concentration,  which  has  been  both  strongly- 
supported  and  strongly  attacked  in  the  last  few 
decades.  To  oversimplify  the  opposing  arguments,  a 
few  tall  buildings  do  not  make  a  city,  too  many  too 
near  each  other  may  cause  enormous  congestion 
(and  parking  problems),  and  loo  much  employment 
density  may  lead  back  to  the  work-residence  separa¬ 
tion  (i)  was  designed  to  solve.  New  York  has  many 

•in-  panes  HU-122. 
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ull  buildings,  yet  has~consldcrlng  its  wea(hcr-a 
vehicular  pollution  problem  ns  severe  as  that  in  l.ov 
Angeles  (which  has  fewer  tall  buildings,  spread  over 
a  larger  area).  Careful  study  of  particular  areas  will 
be  needed  to  show  what  the  net  effect  of  tail  build¬ 
ings  are  likely  to  be, 

(iii)  Redesign  Federal  regulations  and  financial 
procedures  to  encourage  developments  containing 
homes,  apartments,  and  jobs,  to  minimize  the1  number 
of  new  "bedroom"  communities  miles  away  from 
places  of  employment. 

(iv)  Rebuild  urban  renewal  areas  and  post-riot 
areas  in  ways  that  minimize  the  need  for  transporta¬ 
tion,  With  careful  analysis  and  design  taking  into 
account  the  items  mentioned  in  (i),  these  steps  might 
eventually  have  the  kinds  of  effects  desired.  Yet  they 
arc  inherently  very  long-term  measures  and  inher¬ 
ently  limited  by  the  scale  of  the  new  areas.  More¬ 
over,  the  transportation  demand  affected  by  (iii)  is 
likely  to  be  reduced  (if  at  all)  in  areas  where  pollu¬ 
tion  is  not  now  serious. 

The  substitution  of  communications  services  for 
direct  transportation  has  been  a  popular  theme  in 
projections  for  the  future.*  it  has  been  forecast  that 
phonovision.  closed-circuit  television,  facsimile  trans¬ 
mission.  remote  computer  operation,  and  devices  yet 
unforeseen  will  make  travelling  all  hut  obsolete.  Yet 
evidence  thus  far  suggests  that  transportation  and 
communications  reinforce  each  other;  the  better  the 
communication  the  more  transportation,  and  vice 
versa.  Communications  make  available  wider  ranges 
of  contacts  and  opportunities,  and  make  it  easier  to 
maintain  those  coniuets-whieh.  in  turn,  generate 
travel.  Better  communications  also  facilitate*  some 
kinds  of  spatial  decentralization.**  which  do  not 
seem  to  decrease  the  need  for  transportation. 

Further,  it  <s  possible  that  even  if  substitution  of 
communication  were  to  remove  the  need  for  com¬ 
muting  and  shopping  travel,  (he  time  freed  might  be 
allocated  to  other  activities  (o.g.,  educational,  social, 
recreational)  that  demand  transportation  In  such 
instances,  no  net  reduction  of  transportation  demand 
might  result.  There  appear  to  be  many  opportunities 
for  substitution  of  communications  for  transporta¬ 
tion.  and  vice  versa,  but  they  appear  to  he  found  in 
a  content  where  there  is  much  higher  utilization 
of  both. 

Policies  proposed  to  restrict  the  total  supply  of 

•.See.  C.e..  A  C.  Cluiii.  Pfnlili-1  ill  Ihe  Fultut.  Huipi-r  .£ 
Row,  .Veil-  York.  IV6J,  Chopier  14, 
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transportation  generally  rely  on  regulation.  Proposed 
regulations  include  ta)  automobile  production  quo¬ 
tas,  (h)  deliberately  slowed  programs  of  road  im¬ 
provement  and  construction,  (e )  gasoline  production 
and  or  sales  quotas,  (d)  travel  permits,  and  (c) 
regulations  limiting  bus.  truck,  and  airplane  use.  All 
of  these  entail  significant  social  costs.  And.  as  pol¬ 
lution  control  measures  all  are  too  gross  and  too 
encompassing  to  be  truly  effective. 

F.vcn  if  total  transportation  were  to  be  reduced, 
the  remaining  transportation  might  well  Ik-  reallo¬ 
cated  primarily  to  pollution-affected  areas.  In  com¬ 
pensating  for  the  restricted  total  supply,  transporters 
and  travellers  might  concentrate  the  remaining  sup¬ 
ply  in  the  areas  where  it  yielded  the  most  return, 
creating  severe  pollution  problems  in  these  areas  or 
aggravating  problems  that  already  exist. 

Reducing  The  Tutu!  Amount  Of  Metropolitan 
Motor  l  tbiele  Trot  el 

Basically,  there  arc  three  ways  to  reduce  the  total 
amount  of  metropolitan  motor  vehicle  travel:  regula¬ 
tion.  pricing,  and  shifting  demand  to  other  transport 
modes.  Ihe  last  is  covered  in  the  next  section. 

Regulation  might  involve  (a)  fuel  rationing,  using 
any  of  a  graded  spectrum  of  schemes,  (b)  limited 
registration  of  second  and  third  ears  (based  on 
"evidence  of  need")  in  the  metropolitan  area,  (c) 
extremely  tight  enforcement  of  traffic  laws,  (d) 
motor  vehicle  travel  permits  < i.e.,  rationed  travel), 
etc. 

Pricing  might  involve  (a)  substantially  increasing 
fuel  taxes  throughout  the  metropolitan  area  and  its 
environs  and  (b)  substantially  increasing  vehicle 
registration  and  operator's  license  fees  throughout 
the  area,  to  reflect  the  cost  of  air  pollution  in  the  ex¬ 
pense  of  automobile  operation.  In  conjunction  with 
(e)  above,  it  might  also  include  increasing  tines  for 
traffic  violations, 

The  regulations  impose  important  social  costs  and 
interfere  with  citizens’  "right  of  mobility."  Rationing 
of  fuel,  vehicles,  and  travel  itself  has  been  attempted 
in  wartime  to  force  reallocation  of  resources  away 
from  consumers  to  war  production  and  use.  Even  in 
national  emergencies  with  much  public  cooperation, 
such  rationing  has  distorted  resource  allocation  and 
created  social  discontent.  Without  obvious  scarcities 
or  emergencies  to  justify  such  measures,  one  would 
find  them  extremely  unpopular,  very  difficult  to  ad¬ 
minister,  and  eagerly  subverted.  Their  possible  effects 
on  the  metropolitan  economy  would  be  more  aiffi- 
cult  to  gauge,  but  would  probably  not  be  good. 
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The  pricing  schemes  tamper  less  with  normal  eco¬ 
nomic  and  social  functions  but  may  lead  to  misallo- 
culion  and  maldistribution  of  resources  without 
successfully  reducing  pollution.  The  schemes,  for  ex¬ 
ample.  arc  all  economically  regressive.  They  thus 
affect  most  those  with  lower  incomes,  who  own  fewer 
vehicles  and  drive  those  they  do  own  less  than  the 
overall  average. 

Like  the  schemes  in  the  previous  section,  these  arc 
too  blunt  to  reduce  pollution  efficiently,  and  are 
broad  enough  to  result  in  adverse  social  costs  and 
distributional  effects. 

Shifting  Demand  To  Less-Polluting  Modes  Of 

Transportation 

LU'ctrU ■  Vehicles 

As  the  Subpanel  on  I'nergy  Storage  and  Conver¬ 
sion  Systems  has  shown,  electric  cars  need  be  con¬ 
sidered  for  pollution-reduction  only  over  the  long¬ 
term,  They  are  not  expected  to  have  any  significant 
impact  until  at  least  1980.  Estimating  possible  de¬ 
mand  for  electric  vehicles  then  is  difficult  because  long 
development  and  testing  is  needed  before  it  will  even 
be  clear  whether  any  will  find  use  on  the  roads  two 
decades  hence.  And,  if  the  new'  cars  arc  truly  as 
different  and  new  as  their  most  enthusiastic  advo¬ 
cates  claim,  they  will  radically  change  the  relation¬ 
ships  between  existing  transportation  modes  and  tend 
to  create  their  own  specialized  markets. 

F.vcn  ordinary  projections  for  1980-1990  run  into 
serious  problems.  But  about  the  cars  for  which  1980- 
1990  demand  is  now  being  estimated  we  do  not 
know:  technology,  performance,  costs  (initial  or  op¬ 
erating),  role,  or  legal  status  vis-a-vis  internal  com¬ 
bustion  engine  automobiles.  Wc  also  have  no  good 
idea  what  concurrent  developments  in  the  internal 
combustion  engine,  mass  transit,  and  dual-mode  sys¬ 
tems  will  have  taken  place  by  1980  or  1990.  Not 
surprisingly,  therefore,  estimates  of  demand  for  elec¬ 
tric  cars  range  widely. 

Some  pessimists  predict  that  only  a  curious,  ven¬ 
turesome.  and  "stylish”  few  will  ever  want  to  drive 
electric  cars. 

The  Gallup  Poll*  asked  a  cross-section  of  adults: 
Here  is  a  question  about  an  electric  automobile. 
First,  let  me  tell  you  a  little  about  it.  and  then 
1  would  like  to  get  your  opinions  on  it  .  .  . 
The  car  would  be  used  for  travelling  about  town 
-that  is.  for  shopping  and  the  like,  It  would 
have  a  top  speed  of  about  40  miles  per  hour 

*  l  l\v  (iiillnp  tit  pun,  Anuiium  InsUtult  of  l‘ui>ln  Opim 
ion,  I'riiui'iun.  S.  J..  inn.  7.  IV67. 


and  would  go  about  150  miles  before  the  bat¬ 
teries  would  have  to  be  recharged,  which  could 
be  done  at  home.  The  car  would  be  small  and 
easy  to  park  and  would  sell  for  about  $2,000. 
Do  you  think  you  would  be  interested  in  buying 
such  a  car? 

Of  the  cross-section.  I8ff  said  they  would  be  defi¬ 
nitely  interested;  according  to  the  Poll,  this  response 
translates  nationally  into  approximately  10  million 
families. 

Three  reasons  for  interest  in  electric  automobiles 
were  cited  most  often:  Lconomy.  air  pollution,  and 
case  of  handling.  The  citation  of  economy  i.t  interest¬ 
ing  in  that  Zwick*  claims  that  economy  (minimum 
cost)  has  become  less  important  in  determining 
transportation  demand  as  incomes  have  increased, 
and  in  that  American  automobile  manufacturers 
seem  to  have  ceased  stressing  economy  in  their  ad¬ 
vertising.  Furthermore,  there  is  no  real  indication 
that  an  electric  car  with  the  stated  performance  can 
he  sold  for  $2,000  in  the  near  future. 

To  see  a  fortiori  whether  the  advent  ol  electric 
vehicles  might  lead  to  electrical  power  shortages,  the 
Federal  Power  Commission  used  a  very  liberal  ad 
hoe  estimate  of  electric  vehicle  market  potential:  all 
second,  third,  etc.  family  passenger  cars  plus  20  per¬ 
cent  of  the  passenger  cars  owned  by  all  governments. 
Army  personnel  residing  on  base,  individuals  living 
in  institutions,  and  cars  ow  ned  by  businesses.  With  this 
liberal  estimate,  they  projected  35  million  electric 
cars  by  1985,  at  which  lime  they  also  projected  85 
million  internal  combustion  engine  cars-or  a  few 
more  than  the  current  number. 

Al  the  upper  end  of  the  spectrum  arc  sonic  ex¬ 
ceedingly  optimistic  estimates  by  advocates  of  electric 
cars.  These  vary,  but  usually  range  from  50f,e  to 
90 c/<  of  the  total  automobile  market  by  1990. 

Mass  Transportation 

Possibilities  for  shifting  demand  from  motor  vehi¬ 
cles  to  mass  transportation  arc  examined  in  detail  in 
Appendix  3,  The  following  points  may  provide  addi¬ 
tional  perspective: 

Mass  transportation  must  be  effective  at  the  mar¬ 
gin  if  it  is  to  be  effective  at  all  in  reducing  pollution. 
It  might  be  effective,  for  example,  if  it  were  to  dis¬ 
courage  additional  one-car  families  from  becoming 
Iwo-or-more-car  fa  lilies.  It  might  be  effective  if  it 
were  to  remain  sufficiently  attractive  and  convenient 
to  keep  the  passengers  it  now  has.  And  it  might  be 

*('■/.  /.iviik.  "7 In  Di-nimul  foi  1  nnwpm  union 
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effective  if  its  diversion  of  demand  were  to  he  suffi¬ 
cient  to  reduce  peak-hour  congestion  in  some  areas 
and  thus  reduce  the  pollution  caused  hy  vehicles 
operating  in  highly  inelUeient  driving  modes. 

Mass  transportation  as  now  conceived  is  not  likely 
to  he  able  to  do  much  more.  No  matter  how  success¬ 
ful  mass  transportation  is,  it  will  not  handle  goods, 
which  will  continue  to  he  carried  mostly  hy  truck. 
And,  perhaps  more  important,  mass  tra  ,sortation. 
even  where  it  is  expanding,  is  not  the  only  form  of 
transportation  being  built.  New  highways  and  high¬ 
way  improvements  are  underway  or  planned  in  many 
areas,  and  no  cessation  of  road  construction  or  im¬ 
provement  appears  likely. 

In  many  urban  areas,  mass  transportation  now 
carries  an  important  fraction  of  people  commuting  to 
downtown.  The  question  of  interest  for  air  pollution, 
however,  is  how  many  of  those  not  now  using  mass 
transportation  can  be  induced  or  persuaded  to  shift. 
For  most  urban  areas,  this  number  appears  to  he 
small,  relative  to  the  total  number  of  people  driving 
motor  vehicles  in  the  area  for  one  reason  or  another. 

With  regard  to  the  new  San  Francisco  Bay  Area 
Rapid  Transit  system,  for  example,  the  AAAS  Com¬ 
mission  on  Air  Conservation  found:*  "Roughly 
1 00,000  automobile  trips  per  day  are  to  be  diverted 
to  rapid  transit.  Front  the  viewpoint  of  coping  with 
traffic  and  congestion  at  the  hours  of  most  intensive 
demand,  rapid  transportation  could  make  an  im¬ 
portant  contribution.  From  the  viewpoint  of  air  pol¬ 
lution  control,  however,  the  transit  solution,  even  if 
it  meets  the  expectations  of  the  Transit  District,  is 
only  a  minor  portion  of  the  whole.  There  arc  now 
[1965]  about  4  million  daily  trips  in  the  three- 
county  area,  7  million  in  the  entire  Bay  Region. 
These  figures  [are  expected  to]  rise  to  5.2  million 
and  to  1 1  million,  respectively,  hy  1975.  The  Transit 
District  estimate  that  it  would  carry  258,600  trips 
per  day  means  that  it  would  absorb  only  about  5 
percent  of  the  passenger  travel  (in  trips,  not  miles) 
in  the  three-county  area,  and  2.5  percent  in  the  entire 
Bay  Region." 

The  development  of  entirely  new  systems  of  mass 
transportation,  on  the  other  hand,  might  drastically 
change  use  of  public  transport.  Studies  now  under¬ 
way  by  the  Federal  Government  might  provide  dues 
to  this  question  as  early  as  next  spring.  The  impact 
of  such  measures,  however,  is  not  likely  to  be  felt  in 
less  than  a  decade. 

*  Kcjervwe  J,  p.  300. 


Reducing  Motor  I  'chicle  Travel  1»  Affec  }  Areas 

There  are  three  basic  way*  of  reducing  motor  '.chi¬ 
cle  travel  in  aliceted  areas:  regulation,  pricing,  and 
shifting  demum' t-  other  i  odes. 

Regulations  ,  ’  e  been  proposed  include 

(a)  Banr-  r-  dating  the  use  of  internal 

combustion  ■_  v-. .lidcs  in  alTcctcd  areas  (pos¬ 

sibly  only  at  cei ,  ncs). 

(b)  Restricting  he  access  to  major  arteries, 
bridges,  tunnels,  etc.  ading  into  affected  areas  (pos¬ 
sibly  only  at  certain  times). 

(e)  Reducing  the  number  of  parking  spaces  avail¬ 
able  for  all-day  or  long-term  parking  in  alTcctcd 
areas. 

Pricing  policies  that  have  been  proposed  include 

(d)  Instituting  graduated,  variable  tolls  on  major 
arteries,  bridges,  tunnels,  <■  e.  leading  into  affected 
areas.  Such  tolls  could  be  Jjustcd  *o  help  control 
traffic  patterns  and  reduce  traffic  into  alTcctcd  area., 
at  selected  times. 

(c)  Substantially  increasing  long-term  parking 
charges  in  ureas  used  by  commuters,  while  keeping 
charges  relatively  low  for  short-term  (less  than  4 
hours)  parking  to  encourage  shopping,  social,  cul¬ 
tural,  and  recreational  activities. 

(f)  Indirectly  achieving  (c)  through  selective  tax¬ 
ation  and  legislation. 

(g)  Instituting  vehicle  use  taxes  (similar  to  wage 
taxes),  to  be  collected  from  those  who  use  vehicles 
regularly  in  affected  areas. 

Policies  for  shifting  demand  to  other  modes  in¬ 
clude 

(h)  Improving  public  transportation  in  affected 
areas 

(i)  Making  non-polluting  vehicles  available  for 
inexpensive  rental,  in  conjunction  with  one  or  more 
of  (a)  through  (g). 

(j)  Making  parking  spaces  more  available  for  all¬ 
day  parking  near  collection  points  for  non-polluting 
modes  of  transportation  ("Park-and-ride”). 

(k)  Improving  taxi  availability  and  service,  in 
conjunction  with  (h)  and  (j). 

The  regulations  restrict  mobility  and  may  reduce 
pollution  at  the  expense  of  reducing  the  activities  that 
attract  people  into  affected  areas.  Good  analysis  and 
study  would  be  needed  to  assess  the  regulations' 
impact. 

The  pricing  policies  have  atttactivc  aspects,  but 
have  the  major  disadvantages  of  being  somewhat 
regressive  and  of  working  only  indirectly  to  reduce 
pollution.  Reduced  motor  vehicle  travel  in  affected 
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areas  no  doubt  leads  to  reduced  pollution;  how  much 
reduction  is  attainable  can  be  determined  only 
through  careful  experimentation  and  analysis.  Re¬ 
duced  travel  also  may  lead  to  significant  social  costs 
that  must  be  weighed  against  the  pollution  gains 
(although  in  sonic  areas  slightly  reduced  travel  at 
certain  times  might  reduce  congestion  enough  to  be 
socially  beneficial). 

Shifting  demand  to  less  polluting  modes  is  dis¬ 
cussed  above  and  in  Appendix  3. 

Reducing  The  Extent  Oj  Driving  hi  inefficient 
Modes 

There  are  basically  two  ways  of  reducing  the 
amount  of  driving  in  inefficient,  highly  polluting 
modes:  introducing  new  vehicle  configurations  and 
concepts  and  improving  traffic  flow. 

The  former  reduces  inefficient  driving  by  sub¬ 
stituting  non-  or  low-polluting  power  sources  for  the 
internal  combustion  engine.  The  main  new  vehicle 
configurations  and  concepts  proposed  arc 

(a)  Combination  of  car  or  truck  powered  by  in¬ 
ternal  combustion  engine  with  auxiliary  transport 
system  to  reduce  mileage  driven— c.g.,  piggyback, 
moving  pallet,  road-rail  system. 

(b)  Combination  of  short-range  electric  vehicle 
with  long-range  transport  system-e.g.,  piggyback, 
"third-rail,"  electronic  highways,  "Urbrnobile." 

Improving  traffic  flow  helps  reduce  pollution  be¬ 
cause  vehicular  pollution  is  created  at  a  rate  approxi¬ 
mately  inversely  proportional  to  speed.  An  increase 
in  speed  from  20  to  30  miles  per  hour  yields  about 
a  one-third  reduction  in  pollutants,  while  a  change 
from  20  to  40  miles  per  hour  brings  about  a  two-fold 
reduction. '•,1  There  is  considerable  room  for  improve¬ 
ment:  Traffic  on  Manhattan  streets  during  rush  hour 
moves  at  an  average  speed  of  8  Zi  miles  per  hour, 
anil  on  the  approach  expressways  to  Manhattan, 
speeds  are  as  low  as  13  miles  per  hour.-1-' 

The  two  basic  approaches  to  improving  traffic  flow 
are 

(a)  reducing  traffic  levels.  Some  ways  arc  stag¬ 
gering  working  hours  and  encouraging  a  greater 
number  of  persons  per  individual  vehicle. 

(b)  improving  traffic  flow  at  given  levels  of  traffic. 
Some  ways  include  better  traffic  control,  new  ex¬ 
pressways,  redesigned  intersections  and  traffic  bottle¬ 
necks,  automatic  control  devices  to  govern  individual 
vehicles  (automated  highway),  better  system  label¬ 
ling. 

For  suitable  types  of  expressways  and  highway 
facilities,  controlling  vehicle  entry  at  access  points 


may  prevent  shock  waves  and  capacity  reductions, 
which  in  turn  lead  to  increased  delays  and  lowered 
speeds.*  Extending  urban  expressway  systems  would 
tend  to  help  reduce  driving  in  inefficient  modes  by 
providing  facilities  iimi  permit  higher  performance 
and  vehicle  speeds  than  would  otherwise  be  pos¬ 
sible.** 

In  addition,  extending  expressway  systems  would 
enhance  driving  conditions  for  travelers  using  the 
more  congested  local  city  streets.  Much  of  the  traffic 
now  using  downtown  or  central  business  district 
streets  is  made  up  of  travelers  who  are  moving 
through  rather  than  to  or  from  the  downtown  area. 
This  through  traffic  leads  to  congestion  and  very  low 
travel  speeds  for  both  the  through  traffic  and  the 
local  traffic.  The  through  traffic  is  estimated  to  range 
from  30  to  75  percent  of  the  total  traffic  volume  on 
downtown  streets.  Consequently,  improved  travel 
conditions  and  improved  speeds  might  stem  from 
the  construction  of  highway  facilities  designed  and 
located  to  divert  through  traffic  from  local  downtown 
streets.*** 

Expressway  construction  is  so  expensive  and  takes 
so  long  (from  inception  to  completion)  that  it  must 
b'  justified  on  grounds  other  than  air  pollution.  Its 
value  for  reducing  pollution  also  depends,  as  does 
the  value  of  the  other  alternatives  in  this  subsection, 
on  motor  vehicle  emission  characteristics  remaining 
so  dependent  on  average  travel  speed.  If  engine 
modifications  were  to  make  emissions  relatively  inde¬ 
pendent  of  the  mode  of  driving,  the  alternatives  in 
this  subsection  would  have  little  effect  on  vehicular 
pollution. 

Reducing  Travel  By  More  Highly  Polluting  i'ebides 

Some  vehicles  emit  more  pollutants  than  others. 
One  might  thus  reduce  average  emissions  per  vehicle 
by  reducing  the  proportion  of  travel  done  by  more 
highly  polluting  vehicles.  Policies  proposed  for  ac¬ 
complishing  this  include 

(a)  Imposing  taxes  or  "polluting  fees"  related  to 
emissions.  Emissions  might  either  be  measured  once 
a  given  period  in  an  inspection  procedure  or  be 
monitored  continuously  by  a  pollution  meter  in  each 
vehicle.  Taxes  or  fees  might  then  be  levied  on  a 
graduated  scale  that  reflected  the  relative  importance 


*  Rilt  rvnev  190,  pp.  320-326. 

•*Mii/.,  pp.  76-82 

" "ibid.,  pp.  85-87.  See  also  Public  Roods,  31,  No.  4,  pp. 
92-03;  Piiblii  Ruuds.  30.  No.  9,  p.  219. 

Usually  the  percentage  runges  upward  from  50  percent 
lor  targe  c  "Vs  and  is  even  higher  during  peat,  rush  periods. 
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of  the  various  pollutants  and  the  amounts  emitted. 
This  procedure  has  won  the  praise  of  economists  be¬ 
cause  it  is  similar  to  normal  pricing  schemes  and 
seems  to  be  self-enforcing.*  Its  principal  drawback 
appCafS  to  be  administrative  complexity. 

Problems  arise  mainly  because  of  automobiles' 
mobility  and  "because  of  the  great  disparity  (>ctwccn 
the  number  of  owners  and  the  number  of  manufac¬ 
turers.  [Automobiles'] mobility  makes  it  difficult  and 
expensive  to  meter  their  use  within  a  particular  air 
shed.  A  second  complication  results  from  the  fact 
that  although  a  number  of  devices  have  been  sug¬ 
gested,  there  is  at  present  no  inexpensive  and  reliable 
method  of  metering  automobile  effluents  that  would 
be  suitable  for  routine  use-fur  example,  as  part  of  an 
annual  inspection.  Furthermore,  since  there  are  70.- 
000,000  cars  on  the  roads,  but  only  a  handful  of 
manufacturers,  the  administrative  cost  of  a  scheme 
that  deals  with  manufacturers  is  likely  to  be  much 
less  than  the  cost  of  a  scheme  that  deals  with 
owners."** 

(b)  Causing  polluting  vehicles  to  be  operated 
more  efficiently.  This  might  involve  checking  all  cars 
and  trucks  for  combustion  efficiency,  training  me¬ 
chanics  better  to  service  and  maintain  pollution- 
related  systems,  instituting  pollution-inspection  pro¬ 
cedures,  with  appropriate  penalties  for  those  who  fail 
inspection,  and  or  developing  and  placing  into  opera¬ 
tion  automated  diagnostic  centers  that  quickly,  effec¬ 
tively,  and  inexpensively  test  the  pollution-related 
performance  of  all  vehicles.  These  procedures  appear 
quite  feasible  and  should  be  given  serious  considera¬ 
tion. 

(c)  Instilling  better  driving  habits  to  get  more 
people  to  follow  more  efficient  driving  cycles.  Al¬ 
though  people  generally  follow  what  for  them  is  an 
“efficient"  driving  cycle,  most  drive  in  ways  that 
significantly  increase  emissions.  Educating  the  public 
to  drive  with  less  stop-and-go,  fewer  rapid  starts, 
etc.,  might  yield  emission  reduction  of  up  to  several 
percent  (and  increase  fuel  economy  at  the  same 
time).  Yet,  the  seeming  lack  of  success  of  "safe 
driving"  campaigns  and  of  advertising  campaigns 
promoting  economy  runs,  etc.,  makes  a  "cleaner  air" 
driving  campaign  seem  hardly  worthwhile. 

(d)  Having  motor  vehicle  taxes  increase  with  in- 


•E.  S.  Milts,  "Economic  Incentives  in  Air-Pollution  Con- 
.ml,"  in  II.  Wtil,>;in  (Ed.),  The  Economics  uj  Air  Pollnrion, 
U  W.  Morton  &  Co.,  New  York  IV&6,  p.  48, 

••Ibid.,  p.  48. 


creasing  vehicle  age.  The  AAAS  Air  Conservation 
Commission  stated  the  ease  as  follows:* 

Motor  vehicle  taxes  .  ,  .  generally  decline  with  the 
age  of  the  vehicle.  They  arc,  on  the  whole,  too 
low  to  have  much  effect  either  way,  but  to  the  ex¬ 
tent  that  they  do  have  an  effect,  they  tend  to  retard 
replacement.  Yet  it  is  clearly  the  old  “oil  burners," 
with  their  plumes  of  blue  smoke,  that  contribute 
more  than  their  share  to  air  pollution.  Motor  vehi¬ 
cle  taxes  should  at  least  remain  fixed  with  age,  and 
preferably  rise,  thus  forcing  old  cars  off  the  roads 
sooner.  Although  some  old  cars  burn  fuel  more 
completely  than  some  new  ones,  .  .  .  statistically 
age  is  highly  correlated  with  poor  carburction. 
Approximate,  preliminary  analysis  indicates  that 
this  tax  scheme  would  affect  mainly  the  disad¬ 
vantaged  and  poor,  who  tend  to  own  older  cars,  and 
middle-income  families  owning  two  or  more  cars. 
In  the  first  ease,  the  taxes  would  be  regressive  and 
would  seem  unlikely  to  achieve  much  of  the  desired 
effect,  in  the  second  ease,  the  increased  lax  might 
stimulate  earlier  “trading  in”  of  old  second  cars  but 
would  drive  off  the  road  primarily  cars  being  used 
far  less  than  average, 

(e)  Encouraging  use  of  rented  or  leased  vehicles 
or  taxis.  Rented  or  leased  vehicles  arc  usually  newer 
than  typical  individually  owned  vehicles,  and  arc 
often  kept  in  better  repair.  Taxis  are  subject  through 
various  licensing  procedures  to  government  regula¬ 
tion.  How  to  encourage  people  who  do  or  might 
drive  highly  polluting  vehicles  to  rent  or  lease,  or 
use  taxis,  is  not  clear.  Study  of  this  question  might 
be  fruitful. 

Alternatives  To  Reduce  Emissions 

The  reports  of  the  subpanels  on  Current  Auto¬ 
motive  Systems,  Energy  Storage  and  Conversion 
Systems,  and  Automotive  Energy  Sources  deal  with 
alternatives  to  reduce  emissions.  We  will  thus  merely 
outline  these  briefly. 

There  arc  basically  two  approaches  to  emissions 
control:  preventing  pollutants  from  forming  and 
preventing  pollutants  that  arc  formal  from  entering 
the  atmosphere.  The  general  classes  of  alternatives 
that  embody  these  appioachcs  are 

(a)  Devices  added  to  slightly  modified  internal 
combustion  engines 

(b)  Basic  design  changes  in  the  internal  combus¬ 
tion  engine,  coupled  with  basic  changes  in  the  fuel 


* Rtjcrenct  3,  p,  300, 
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(c)  New  propulsion  systems 

(d)  Hybrid  sy  terns  incorporating  some  of  birth 
(b)  and  (c) 

(e)  Maintenance  and  improvement  of  (a)  through 
(d) 

New  propulsion  systems  that  use  electrical  energy 
entail  additional  pollution  by  power  generating 
plants.  Power  plants  using  fossil  fuels  emit  sulfur 
oxides,  particulates,  and  various  other  pollutants. 
Nuclear  power  plants  create  “thermal  pollution"  * 
and  radioactive  wastes.  The  additional  amounts  of 
these  pollutants  anticipated  at  various  levels  of  pos¬ 
sible  electric  car  usage  arc  discussed  in  the  Subpanel 
Report  on  Automotive  Energy  Sources. 

Because  of  the  large  number  of  motor  vehicles 
affected,  consumer  costs  and  benefits  associated  with 
emission-reduction  steps  may  be  large.  For  example, 

•  $10  per  new  car  in  the  cost  of  pollution  control 
amounts  to  about  $100,000,000  per  year  for 
the  car-buying  public 

•  $1  per  car  for  maintenance  of  emission-reduc¬ 
tion  systems  after  all  cars  arc  so  equipped 
amounts  to  approximately  $100,000,000  per 
year  for  the  car-owning  public 

•  I  cent  per  gallon  in  the  cost  of  gasoline  amounts 
to  about  $600,000,000  per  year  for  the  car- 
operating  public 

•  a  1  percent  change  in  gasoline  “mileage" 
amounts  to  about  $200,000,000  per  year  for  the 
ear-operating  public. 

Reducing  these  costs  or  achieving  these  benefits 
thus  merits  considerable  investment. 

Verifying  emission-reduction,  especially  on  older 
vehicles,  poses  a  serious  problem.  Although  the  new 
vehicle  population  can  be  considered  relatively 
homogeneous,  the  used  vehicle  population  evidently 
cannot.  Even  if  a  selected  sample  of  older  vehicles 
appears  to  have  “satisfactory”  emissions,  on  the 
average,  there  will  remain  a  sizeable  likelihood** 
that  average  emissions  for  the  total  vehicle  popula¬ 
tion  will  be  higher.  Sampling  procedures  rarely  ob¬ 
tain  adequate  samples  from  the  worst  maintained 
parts  of  the  population.  And  the  “average"  driving 
cycle  used  for  testing  samples  is  not  likely  to  account 
for  emission  variances  caused  by  congestion  (many 


‘See,  e.  y..  B,  Davidson  and  H.  I*'.  Bradshaw,  'Thermal 
Pollution  of  Water  Systems."  Environmental  Science  and 
Techntdoyy,  I,  6tR-6jt)  tllJ67}. 

•• Staiitlicully ,  there  ix  »  51)' i  chance  that  the  papulation 
mean  will  exceed  the  sample  mean,  hut  only  a  I  Sir  chance 
that  it  will  exceed  it  by  marc  than  one  standard  deviation. 


cars  driving  inefficiently  at  once)  and  the  peak-hour 
conditions  that  generate  the  worst  pollution.  Some 
form  of  inspection  for  most  or  all  cars  is  likely  to  be 
needed. 

Yet,  in  i960,  only  21  states  had  safety  inspections 
to  which  pollution  inspection  might  possibly  be 
added,  and  only  3  of  these  (New  Jersey,  Delaware 
and  the  District  of  Columbia)  carried  out  their 
inspections  with  specially  trained  personnel,  To  in¬ 
stitute  emissions  checks  (at  the  current  measurement 
stute-of-art)  might  require  setting  up  a  new  national 
system.  Emissions  inspection  (although  apparently 
feasible)  thus  deserves  close  attention.  The  con¬ 
comitant  question  of  emissions  measuring  devices 
also  deserves  high  priority;  simple,  inexpensive,  re¬ 
liable,  and  accurate  devices  could  greatly  simplify 
the  administrative  problems  of  emission  verification. 

Alternatives  lo  Reduce  The  Impact  Of 
Emitted  Pollutants 

There  arc  basically  two  approaches  to  reducing 
the  impact  of  emitted  pollutants:  reducing  atmos¬ 
pheric  pollutant  concentrations  in  areas  where  they 
may  affect  people,  property,  or  plants  and  reducing 
the  impact  of  the  pollutants  on  the  sensitive  recep¬ 
tors. 

Policies  proposed  to  reduce  atmospheric  concen¬ 
trations  include 

(a)  Reducing  local  concentrations  by 

(i)  Enhancing  local  atmospheric  transport,  to 
disperse  pollutants— e.g.,  enhancing  natural  micro- 
meteorological  forces  by  shaping  wind  patterns 
(building  location  and  design,  major  topograph¬ 
ical  changes,  such  as  building  or  levelling  hills), 
making  best  use  of  the  winds  available  (highway 
location  and  design),  and  reducing  the  extent  of 
construction  (and  forest  denudation,  etc.)  favor¬ 
able  to  stagnant  conditions 

(ii)  Providing  artificial  convection 

(iii)  Preventing  pollutants  from  accumulating 
in  local  atmospheres,  by  "sweeping”  with  adsorb¬ 
ents,  molecular  sieves,  or  reactive  catalysts  to 
remove  pollutants  as  they  are  formed. 

The  forces  involved  in  (i)  are  not  weli  understood, 
but  the  possibilities  appear  attractive.  Achieving  (ii) 
is  likely  to  be  inordinately  expensive;  the  atmosphere 
ordinarily  tends  to  resist  or  overcome  small-scale  dis¬ 
turbances,  and  even  assuming  atmospheric  coopera¬ 
tion  the  power  and  equipment  costs  involved  arc 
enormous,  Alternative  (iii)  involves  treating  large 
volumes  of  air.  but  may  be  very  attractive  and  effec¬ 
tive  in  places  where  air  is  already  collected  and 
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pumped  as,  for  example,  at  tunnel  ventilators  or 
garage  exhaust  vents. 

(b)  Removing  undesirable  products  from  the  gen¬ 
eral  atmosphere  * 

(i)  Chemically— react  pollutants  to  form  carbon 
dioxide  and  water  or  other  icss  desirable  com¬ 
pounds. 

(ii)  Physically-swccp.  scrub,  or  scavenge  pol¬ 
lutants  from  atmosphere.  Enhance  precipitation 
of  particulates. 

(iii)  Biologicnlly-introduce  pollution  predators, 
such  as  microbes  or  insects. 

(i)  and  (ii)  require  contacting  large  volumes  of 
air  with  other  substances.  The  power  needed  simply 
to  move  the  air  effectively  is  likely  to  be  so  expensive 
that  these  alternatives  will  be  most  unattractive  ex¬ 
cept  where  the  air  is  moved  anyway,  as  in  tunnel 
ventilation. 

The  problem  with  (iii)  is  uncertain  ecology.  It  is 
difficult  to  predict  what  else  pollution  predators 
might  find  appetizing,  or  what  effects  they  might  have 
on  their  surrounding  biological  system.  (The  “cure” 
may  be  worse  than  the  problem.)  It  also  may  be 
difficult  to  “train"  predators  to  feed  only  on  unde¬ 
sirable  substances.  Fragrances  are  due  to  trace 
concentrations  of  complex  chemicals  not  unlike  some 
of  those  that  are  considered  to  be  pollutants,  and 
predators  might  find  it  difficult  to  tell  the  difference. 
Further,  it  is  difficult  to  anticipate  what  mutations 
might  occur  and  whether  the  mutations  might 
dominate,  and  it  might  be  exceedingly  difficult  to  get 
rid  of  the  predators  once  they  had  finished  their  job. 

(c)  Blocking  the  formation  of  photochemical  smog 
by 

(i)  Interfering  with  the  offending  chemical  reac¬ 
tions  by  introducing  inhibitors,  removing  catalytic 
agents  that  favor  the  reaction,  or  enhancing  more 
desirable  alternate  paths. 

(ii)  Reducing  stagnation  (i.e.,  dispersing  the 
key  ingredients),  or  introducing  substances  that 
selectively  absorb  sunlight  at  especially  important 
wavelengths. 

These  alternatives  are  largely  speculative.  Not 
enough  is  known  about  the  chemistry  involved  to 
evaluate  them  scientifically  now, 

(d)  Reducing  mcgalopolitan  sprawl. 

Through  "downwind"  and  cumulative  effects, 
filling  in  metropolitan  areas  is  believed  to  exacerbate 


*Hut  st' *•  the  sensitivity  of  pttfhnutU  tomennoiit/n  to  *  in 
Appendix  2. 


pollution .*  Areas  that  once  received  relatively  clean 
air  receive  pollutants  from  new  sources  in  fillcd-in 
areas  upwind;  these  new  pollutants  compound  the 
oldc;  area's  existing  problems.  And  pollutants  that 
once  were  blown  quickly  out  of  the  mcgalopolitan 
convection  cells  arc  believed  to  stay  much  longer 
when  the  megalopolis  expands. 

Controlling  mcgalopolitan  sprawl  has  proved  diffi¬ 
cult  in  the  United  States.  Some  European  countries 
(e  g.,  The  Netherlands,  Sweden)  seem  to  have  had 
some  success,  albeit  working  on  a  much  smaller 
scale,  but  it  has  not  proved  possible  thus  far  to  trans¬ 
plant  thei.  approaches  into  the  American  context. 
Research  on  controlling  American  “sprawl,"  of  in¬ 
terest  for  many  reasons  besides  pollution,  would  seem 
to  be  worth  pursuing,  although  benefits  from  such 
research  (if  any)  could  not  even  begin  to  be  felt  for 
several  decades. 

Policies  proposed  to  reduce  pollutant  impacts 
include 

(a)  Locating  major  highways  such  that  pollution 
effects  on  surrounding  neighborhoods  arc  kept  to  a 
minimum. 

(b)  Reducing  the  biological  effects  of  atmospheric 
pollutants  on  man  by: 

(i)  Relocating  pollutant  sources  relative  to  man 
so  that  the  effective  exposure  is  less 

(ii)  Designing  and  distributing  protective  sys¬ 
tems-  c.g.,  gas  masks,  oxygen,  anti-pollutant 
inoculations 

(iii)  Making  effective  diagnosis  and  treatment 
of  pollution  effects  readily  available 

(iv)  Developing  a  means  for  inducing  tolerances 
and  immunities  to  pollution  effects 

(i)  is  likely  to  become  quite  important,  although 
the  design  bases  for  it  arc  ill-understood,  (ii)  may 
become  necessary  for  especially  susceptible  people 
(i.e.,  heart  patients,  elderly  people  with  respiratory 
ailments)  in  high-pollution  areas.  The  need  for  (iii) 
and  (iv),  and  the  scientific  bases  on  which  to  develop 
them,  arc  still  unclear. 

Impacts  Of  Pollution  Control  Policies 

Recommendations  of  this  Panel  that  would  result 
in  significant  reduction  of  air  pollution  are  likely  to 
change  the  pricing,  cost,  performance  characteristics, 
and  accessibility  of  the  transportation  system.  These 


mThe  crude  model  (Model  II)  developed  in  Appendix  2 
iliows  averaue  pollutant  concentration  increasing  with  in¬ 
creasing  urban  dimensions,  See  also  Reference  5,  pp. 
296-29 9, 
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changes  could  result  in  significant  net  costs  or  bene¬ 
fits  to  society. 

The  first  part  of  this  section  concerns  the  impact 
of  pollution  control  measures  on  the  disadvantaged 
and  poor.  It  is  included  because  pollution  control 
policies  are  likely  to  affect  these  groups,  and  because 
these  effects  arc  easily  overlooked,  The  second  part 
of  this  section  deals  with  possible  impacts  of  alter¬ 
native  approaches  on  the  national  economy. 

impacts  On  The  DisathatitageJ  Anti  Pour 

The  poor  and  disndvantuged  (e.g.,  the  old,  the 
young,  and  the  physically  disabled)  form  an  in¬ 
creasingly  conspicuous  proportion  of  the  American 
population.  As  pari  of  the  public  they  share  the  ill 
effects  of  vehicular  pollution  and  will  share  the 
benefits  of  its  eventual  reduction.  Yet,  because  of 
their  disadvantages  and  poverty,  these  groups  have 
different  perspectives  and  feel  different  impacts 
than  the  more  advantaged  segments  of  the  popula¬ 
tion, 

Although  the  disadvantaged  and  poor  suffer  from 
air  pollution,  they  suffer  more  from  other  things. 
They  may  value  pollution  reduction,  but  they  are 
likely  to  value  more  reduction  of  the  disadvantages 
and  poverty  that  set  them  apart.  Even  if  pollution 
reduction  is  considered  solely  a  form  of  health  care, 
from  which  these  groups  benefit  at  least  as  much  as 
the  rest  of  the  population,*  it  is  not  likely  to  be  one 
of  the  forms  of  health  care  these  groups  would  most 
prefer.  They  may  prefer  that  their  money  (and  every¬ 
one  elsc's,  in  which  they  share)  be  spent  on  health 
measures  that  benefit  them  directly,  immediately, 
and  conspicuously.  They  generally  are  not  now  able 
to  obtain  health  care  as  good  as  that  available  to  the 
more  advantaged.  Thus,  forms  of  care  the  advan¬ 
taged  may  take  for  granted  may  rank,  far  higher  for 
these  groups  than  the  "I  Kury”  of  reduced  pollution. 

Moreover,  as  wc  have  pointed  out  above,  many 
policies  proposed  for  pollution  control  might  affect 
taxes  or  prices  in  an  economically  regressive  manner, 
or  restrict  mobility.  Others  might  add  financial 
burden  to  that  already  inherent  in  owning  a  car. 
Still  others  might  make  operating  older,  more  poorly 
maintained  vehicles  more  difficult.  Although  all  of 
these  policies  would  affect  large  numbers  of  people, 
they  might  affect  the  disadvantaged  and  poor  out  of 
proportion  to  their  numbers  and  to  the  burden  they 
equitably  can  bear. 


‘Because  of  their  largely  urban  orientation,  these  groups 
may  benefit  proportionately  more. 


To  travel  to  work,  piny,  shop,  or  obtain  service*, 
except  when  these  arc  within  a  few  blocks,  most 
Americans  tend  to  use  cars  or  public  transit.  How¬ 
ever.  many  Americans  cannot  (or  at  least  prefer  not 
to)  obtain  cars.  They  must,  therefore,  either  forego 
tripmaking,  or  walk,  bicycle,  or  depend  upon  public 
transit  which,  in  most  places,  meets  their  needs  less 
and  less  adequately. 

A  distinctive  characteristic  of  post-World  War  li 
America  has  been  the  location  of  most  new  employ¬ 
ment  opportunities  farther  and  farther  away  from 
city  cores  where  most  of  the  urban  poor  live.  In  the 
past,  the  manufacturing,  retailing  and  wholesaling 
firms  which  provided  work  for  lower  income  persons 
were  also  in  these  cores.  Since  the  1940s,  there  has 
been  a  steady  decentralization  of  these  activities, 
although  a  centralization  of  others.  A  recent  Bureau 
of  Labor  Statistics  study  shows  that  from  1960  to 
1965,  for  example,  62  percent  of  the  new  industrial 
and  52  percent  of  the  commcrieal  construction  oc¬ 
curred  in  the  suburbs.  (In  general,  while  a  large 
relative  decrease  in  total  central  city  employment 
has  been  experienced,  absolute  employment  levels 
have  usually  declined  little,  if  at  all.) 

Between  one-fourth  and  onc-half  of  the  urban 
poor  (and  a  higher  proportion  of  the  disadvantaged), 
varying  with  areas,  income  levels  and  other  reasons, 
do  not  own  or  have  use  of  cars.  Cars  owned  by  many 
of  the  others  arc  usually  older,  more  poorly  main¬ 
tained  and  therefore  less  dependable  for  transporta¬ 
tion  to  work  than  cars  operated  by  more  advantaged 
Americans. 

Any  anti-pollution  measure  which  increases  the 
cost  or  difficulty  of  maintaining  a  car  inevitably 
touches  the  disadvantaged  and  poor  first,  thereby 
further  reducing  the  number  of  those  who  have 
access  to  autos. 

Resorting  to  public  transportation,  the  poor  and 
disadvantaged  without  cars  often  encounter  a  dis¬ 
couraging  situation.  Industries  and  other  work  places 
located  in  suburbs  and  at  the  urban  fringes  are 
usually  poorly  served  by  mass  transportation.  If  serv¬ 
ice  is  provided  at  all,  the  rider  may  have  to  take  a 
complicated  route  involving  several  transfers,  long 
travel  and  high  fares.  Mass  transport  lines  and  routes 
are  designed  principally  to  transport  central  city  com¬ 
muters  to  downtown  and  back  home  again.  Mass 
transportation’s  adaption  to  a  different  pattern  of 
service  needs  has  been  slow,  and  indeed,  may  not  be 
possible  without  public  subsidies,  changes  in  the  way 
urban  transportation  systems  operate,  or  new  kinds 
of  technology.  The  reason  for  this  is  that  the  scatter- 
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Ing  of  work  places  In  a  widely  dispersed  pattern  pre¬ 
vents  the  generation  of  large  volumes  of  passengers 
going  from  one  point  to  another  which  arc  necessary 
to  support  it. 

Because,  in  addition,  the  disadvantaged  arc  fre¬ 
quently  unable  to  drive,  pollution  control  measures 
that  weaken  mass  transportation's  already  fragile 
position  may  tend  to  harm  the  disadvantaged  and 
poor.  Measures  that  expand  and  strengthen  mass 
transportation,  particularly  its  capacity  to  serve  non- 
raduti  and  random  travel  desires,  may,  on  the  other 
hand,  be  beneficial.  (Making  taxis  cheaper  and  more 
available,  for  example,  might  greatly  benefit  the  aged 
and  handicapped ) 

Measures  that  increase  motor  vehicles'  initial  cost 
might  worsen  the  situations  of  the  disadvantaged  and 
poor  unless  improved  financing  arrangements  could 
be  developed  to  assist  with  the  purchase.  Even  better 
financing  might  not  help,  since  one  difficulty  these 
groups  often  face  is  qualifying  for  loans  and  main¬ 
taining  payments,  especially  where  high  interest 
charges  accompany  them.  On  the  other  hand,  meas¬ 
ures  that  reduced  operating  costs  and  maintenance 
requirements  would  be  likely  to  benefit  these  groups 
greatly.  Since  they  usually  purchase  used  rather  than 
new  vehicles,  maintenance  and  operating  costs  figure 
prominently  in  determining  whether  they  can  con¬ 
tinue  to  use  them. 

Measures  that  increase  the  complexity  of  travelling 
(such  as  intricate  regulations,  restricted  mobility, 
and  fragmented  mass  transportation)  might  dispro¬ 
portionately  affect  the  poor  and  disadvantaged,  who 
often  find  travelling  difficult  now.  They  are  likely 
to  be  less  able  than  the  mote  advantaged  to  cope 
effectively  with  measures  that  require  “knowing 
the  system"  and  arc  more  likely  to  be  defeated  or 
frustrated  by  policies  intended  to  limit,  but  not  elim¬ 
inate,  pollution-causing  travel. 

Distributional  effects  stemming  from  pollution 
control  policies  thus  may  be  quite  important.  The  dis¬ 
advantaged  and  poor  lack  capacity  to  absorb  changes 
easily.  And  some  of  the  changes  to  control  pollution 
may  fall  on  them  disproportionately.  While  the 
effects  produced  may  not  be  sufficient  cause  to  dis¬ 
card  the  policies,  they  point  up  a  necessity  to  con¬ 
strain  the  policies,  and  to  consider  related  actions 
that  can  ameliorate  those  consequences  deemed 
harmful  or  undesirable. 

Impact  On  Tbt  National  Economy 

Pollution  control  affects  not  only  the  transporta¬ 
tion  system  but  also  products-automobiles,  trucks 


nmf  motor  fuel— that  account  for  &  large  part  of  the 
American  gross  national  product.  Major  changes  re¬ 
sulting  from  pollution  control  measures,  therefore, 
could  have  large  impacts  on  the  national  economy. 

If,  to  choose  an  extreme  example,  electric  vehicles 
were  to  predominate  some  decades  hence,  vast 
amounts  of  petroleum  now  used  to  make  gasoline 
would  have  to  be  converted  into  other  products  or 
be  left  unrefined  or  underground.  Service  stations 
would  have  to  be  converted  to  handle  the  new  vehi¬ 
cles  and  their  particular  requirements.  Electrical  dis¬ 
tribution  networks  would  have  to  be  extended  and 
expanded  in  heavily  populated  areas  to  permit  the 
distribution  and  use  of  recharging  outlets.  Batteries 
or  fuel  cells  (or  other  energy  conversion  devices) 
would  have  to  be  designed  to  minimize  the  use 
and,  or  facilitate  the  recovery  of  scarce  or  precious 
materials. 

Less  extreme,  indeed  quite  foreseeable,  is  the 
removal  of  lead  alkyls  from  gasoline.  The  impaet  of 
this  step,  assuming  no  accommodating  changes  in 
engine  design,  has  been  explored  in  a  recent  paper 
by  Lawson,  Moore,  and  Ratner.1’'  Because  the  im¬ 
pact  they  present  has  unattractive  features,  notably 
considerable  expense  and  a  possible  shortage  of 
platinum,  it  may  be  necessary  for  automobile  and 
oil  companies  to  cooperate  in  adapting  to  any  re¬ 
moval  of  lead.  In  this  regard,  as  well  as  others,  the 
joint  efforts  of  Ford  Motor  Company,  Mobil  Oil 
Corporation,  Atlantic-Richficld  Company,  Marathon 
Oil  Company,  Standard  Oil  Company  (Ohio),  Sun 
Oil  Company,  and  Standard  Oil  Company  (Indiana), 
and  Chrysler  Corporation  and  Standard  Oil  Com¬ 
pany  (New  Jersey),  on  pollution  control  appear  to  be 
very  desirable. 

Vehicle  and  fuel  modifications  to  combat  pollution 
might  also  have  significant  side  benefits  for  safety. 
The  opportunities  presented  by  basic  engine  changes 
should  be  used  also  for  changes  related  to  safety. 
And  fuel  changes  to  control  evaporation  may  also 
help  reduce  the  threat  of  fire  and  explosion  in  auto¬ 
mobile  accidents.  (Conversion  to  non-gasoline 
powered  vehicles  would  reduce  fire  losses  even 
more.)  It  is  difficult  to  assign  dollar  value  to  im¬ 
proved  safety  *  and  reduced  fire  hazard,  but  both 
could  be  quite  important  to  the  national  economy. 

UNCERTAINTIES 

This  section  examines  uncertainties  and  explores 

•For  a/i  hiltinl  attempt,  see  "Applii  a'iun  of  Benefil-Cml 
A  Italy  sit  to  Mow  Vehicle  Accidents"  V.  S.  Department  of 
Health,  Education  and  Welfare,  Office  of  Assistant  Secretary 
for  Frost am  Coordination,  August  1966. 


143 


ihctr  possible  impacts  and  policy  implications.  It 
contains  three  subsections,  which  cover  (I)  major 
uncertainties  and  their  implications,  (?)  additional 
problems  for  research,  and  (3)  system  experimenta¬ 
tion. 

Major  UuCvtiSmiks  And  Their  implication 

Uncertainty,  or  lack  of  perfect  knowledge,  derives 
from  four  major  sources; 

a.  From  imperfect  ability  to  predict  the  future 
(e.g.,  uncertainty  about  future  political  or  strategic 
contexts,  or  about  future  technological  state -of- art); 

b.  From  imperfect  ability  to  predict  people's 
actions  or  reactions  (e.g.,  uncertainty  about  com¬ 
petitors,  opponents,  potential  cuslomu.s); 

c.  From  lack  of  time,  money,  or  effort  needed  to 
obtain  information  about  planning  factors  (e.g..  un¬ 
certainty  about  the  biological  effects  of  nitrogen 
oxides); 

d.  From  chance  or  random  elements  arising  from 
complexities  beyond  current  understanding  or  con¬ 
trol. 

Uncertainties  of  types  (a)  and  (b)  can  never  be 
resolved  completely,  except  by  the  passage  of  time. 
Uncertainties  of  type  (c)  can  be  partially  tosolvcd  by 
sufficient  time,  money,  and  effort,  but  perfect  resolu¬ 
tion  would  be  either  infinitely  expensive  or  take  in¬ 
finite  time.  Uncertainties  of  type  (d)  can  be  treated 
with  the  mathematical  tools  for  stochastic  processes 
(i.c.,  processes  governed  by  chance  or  probabilistic 
laws),  although  full  treatment  is  often  very  difficult. 

Uncertainties  that  cause  the  most  trouble  in  pollu¬ 
tion  control  are  of  types  (a),  (b),  and  (c).  These,  and 
some  of  type  (d),  adversely  affect  our  ability  to  set 
long-term  standards  or  select  long-term  pollution- 
control  strategies. 

Some  of  these  major  uncertainties  and  their  im¬ 
plication  arc: 

(1)  Biological  and  medical  effects  of  poliutants- 

espccially  effects  of  long-term  exposures  to  relatively 
low  concentrations  (i.c.,  chronic  or  cumulative 
effects). 

Many  of  the  constituents  of  automobile  exhaust 
-carbon  monoxide,  nitrogen  oxides,  lead-compound 
aerosols-, ire  well  known  industrial  hazards.  Toxicity 
standards  for  industrial  exposure  have  been  estab¬ 
lished  for  many  of  them,  and  progressive  companies 
whose  employees  contact  these  chemicals  insist  upon 
safety  controls  and  medical  monitoring.  Knowledge 
of  the  effects  of  modcrate-to-low  concentrations, 
especially  those  which  persist  for  long  periods  of 
time,  however,  is  generally  unavailable. 


In  recent  testimony  before  Congress,  HEW 
Secretary  John  Gardner  stated  that  health  authorities 
are  greatly  •‘concerned  today  with  the  slow,  Insidious 
effects  on  human  lungs  of  nir  pollution  levels  which 
arc  flow]  but  continued  every  day  and  year  after 
year.  That  air  pollution  does  indeed  increase  the 
prevalence  or  severity  of  chronic  respiratory  diseases 
has  been  stated  with  more  and  more  certainty  by 
outstanding  authorities."  *  But  considerable  uncer¬ 
tainty  remains,  and  far  more  information  is  needed 

Implicallotts;  If  chronic  or  cumulative  effects  re¬ 
sulting  from  prolonged  or  rvpcaledi  exposure  to  rel¬ 
atively  low  concentrations  of  pollutants  arc  im¬ 
portant.  even  if  only  for  certain  segments  of  the 
population  (e.g.,  young  children,  pregnant  women, 
elderly  people),  then  pollution  standards  (for  ap¬ 
propriate  substances)  may  have  to  be  exceedingly 
stringent.  Such  stringent  standards  might  necessitate 
pollution-control  measures  beyond  any  now  envi¬ 
sioned,  or  might  necessitate  serious  efforts  to  develop 
essentially  pollution-free  vehicles  that  could  be  sub¬ 
stituted  for  internal  combustion  engine  cars  in  areas 
where  pollution  is  especially  severe  (e.g.,  centers  of 
metropolitan  areas,  junctions  of  mcgalopolitan  at¬ 
mospheric  convection  cells). 

(2)  Mierometeorology  ihc  local  atmospheric  trans¬ 
port  that  determines  the  relations  between  automobile 
emissions  and  local  pollutant  concentrations.** 

Knowledge  of  small-scale  atmospheric  convection 
and  diffusion,  and  of  the  processes  that  govern  them, 
is  critical  in  relating  automobile  emission  standards 
to  the  biological,  physical,  and  chemical  effects  of 
pollutants,  Where  pollutants  arc  rapidly  dispersed, 
higher  emissions  can  be  tolerated;  conversely,  where 
local  air  is  stagnant,  so  that  pollutants  collect,  only 
very  low  emission  can  be  accepted. 

Implications:  Certain  s| reels,  areas,  and  times  of 
day  are  more  susceptible  than  others  to  severe  at¬ 
mospheric  pollution.  Traffic  control  taking  pollution 
into  account  thus  may  be  able  to  reduce  the  incidence 
of  intolerable  concentrations.  Similarly,  certain  build¬ 
ing  patterns  and  expressway  designs  and  locations 
may  lead  to  greater  pollution-cither  on  the  express¬ 
way  or  in  immediately  adjacent  areas-than  others 
which  use  or  enhance  favorable  micrometeorology. 
Since  expressways  and  reorganizations  of  streets, 
buildings  and  topographical  features,  tend  to  re¬ 
sult  in  expensive  and  semi-permanent  changes  to 

•Reference  280,  p.  24. 

"Meteoiulaplst  often  prefer  to  call  this  Iteel  ol  transport 
"mvsoswitf" 
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metropolitan  arrsv  carr  should  he  taken  to  ensure 
that  pollution  incidence  k  not  increased.  Improper 
design  (which  cannot  now  be  adequately  recognized) 
may  offset  a  considerable  part  of  the  pollution  redue- 
tion  gained  from  automobile  engine  modification. 

Concomitantly,  emission  standards  (notably  at  low 
Seeds)  wifi  be  difficult  iu  set  and  enforce  without 
belter  understanding  of  relevant  micromcteorologieal 
processes. 

(3)  Ultimate  Uatits  for  internal  comboslkHi  engine 
poilatioM  control 

Understandably,  ultimate  emission  levels  for  the  in¬ 
ternal  combustion  engine  arc  not  now  known.  Neither 
is  (with  any  high  degree  of  certainty)  the  specific 
technology  or  technologies  that  will  he  needed  to  at¬ 
tain  “ultimate"  levels;  current  approaches  may  not 
be  adequate. 

Also  not  known  are  (he  "ultimate"  levels  that  must 
be  attained -because  of  the  uncertainties  concerning 
biological,  aesthetic,  and  physical  effects  of  pollut¬ 
ants.  and  the  uncertainties  of  relating  exhaust  con¬ 
centrations  to  concentrations  in  the  air. 

Implications:  Cost  and  time  projections  related 
to  the  development  of  new  technologies  are  notor¬ 
iously  poor.  Thus,  what  now  appears  to  be  the 
optimal  course  to  control  motor  vehicle  air  pollution 
may,  with  time,  appear  far  less  attractive  than  a  host 
of  alternatives.  Particularly  when  the  new  technology 
sought  is  constrained  to  lit  into  a  preconceived  or 
predetermined  complex  system,  cost  and  time  esti¬ 
mates  projected  a  decade  ahead  lend  to  be.  almost 
without  exception,  highly  optimistic. 

Also,  “ultimate”  limits,  once  attained,  may  prove 
too  high  for  some  pollutants  under  some  conditions. 
Dispersion  of  metropolitan  areas,  combined  with  in¬ 
creasing  demand  for  automotive  travel  (increasing 
numbers  of  automobiles  and  increasing  numbers  of 
metro-miles  driven  per  automobile  per  year),  may 
ofTset  much  of  the  engineering  reduction  in  pollutant 
emissions.  Cumulative  exposure  may  heighten  pollut¬ 
ant  sensitivities  in  certain  individuals.  And.  when 
combined  with  locally  unfavorable  meteorology,  the 
emission  levels  may  simply  be  too  high  according 
to  the  pollution  standards  then  in  effect. 

(4)  Lifetime  reliability  and  performance  of  current 
(and  projected)  pollution -control  devices 

The  reliability  and  performance  of  pollution-con¬ 
trol  vs.  time  has  not  been  demonstrated  adequately. 
If  currently  approved  devices,  and  their  descendants, 
deteriorate  significantly,  effective  pollution  control 
may  be  only  a  fraction  of  that  now  estimated. 


Implications:  To  monitor  deterioration  and  to  in¬ 
sure  effective  pollution  control,  some  form  of  testing 
or  inspection-cither  of  all  cars  or  of  meaningful 
samples  will  be  neccssury.  Thus,  quick,  inexpensive, 
and  reliable  measuring  tests  and  devices  will  be 
essential;  current  tests  and  devices,  although  better 
than  their  predecessors,  are  still  inadequate  for  largc- 
seule  application.  Also,  to  ensure  effective  com¬ 
pliance  with  Federal  and  State  laws  relating  to  motor 
vehicle  air  pollution,  inspection  systems  and  proce¬ 
dures.  and  methods  of  funding,  will  be  needed.  Unless 
advanced  methods  (c.g..  continuous  monitoring  de¬ 
vices  on  each  cur.  certified  and  tamper-proor,  that 
can  be  read  quickly)  are  developed,  such  inspection 
systems  may  require  extensive,  expensive  scries  of 
stations  with  trained  inspectors  and  complicated 
equipment. 

(5)  Suitability  criteria— limits  of  acceptable  perfor¬ 
mance  and  design  characteristics. 

Predicting  what  the  public  will  or  will  not  accept 
or  buy  is  difficult  and  perilous,  as  any  venturesome 
company  knows.  Studies  of  "requirements''  usually 
extrapolate  what  now  exists,  and  surveys  usually 
show  that  people  with  money  and  good  judgment 
want  to  buy  the  best  of  what  is  available.  Unconven¬ 
tional  vehicles  using  modern  technology  have  not 
been  made  available  to  the  public,  so  that  conclu¬ 
sions  about  marketability  must  remain  speculative. 

implications:  Pollution-control  policies  based  on 
the  assumption  (often  implicit)  that  the  public  will 
accept  only  performance  and  design  characteristics 
very  close  to  those  now  offered  them  are  very  prob¬ 
ably  over-conservative.  Although  large  by  some 
measures,  by  other  measures  the  menu  of  alterna¬ 
tives  currently  offered  the  public  is  small.  Thus,  the 
basis  for  judgment  by  extrapolation  is  small,  and  the 
judgments  so  derived  are  open  to  serious  question, 
innovations  need  not  only  displace  demand  from 
current  alternate cs;  they  can  also  induce  demand 
that  did  not  exist  before,  as  people  find  ways  to  use 
the  innovations  special  advantages.  Hence,  pollution- 
control  alternatives  that  involve  departures  from 
current  performance  and  design  characteristics 
should  not  be  ruled  out  a  priori  if  they  are  attrac¬ 
tive  (at  least  potentially))  by  pollution-reduction 
criteria. 

(6)  Relations  of  transportation,  particularly  auto¬ 
motive  transportation,  to  the  metropolitan  “system.” 

Despite  considerable  mulysis,  the  detailed  rela¬ 
tions  between  transportation -particularly  automotive 
transportation -and  the  rest  of  the  metropolitan  sys¬ 
tem  are  still  unclear.  Although  transportation  clearly 
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helped  ui  form  the  shape  nnd  character  of  Amerieiin 
metropolitan  areas  until  scry  recently,  it  is  not  dear 
whether  transportation  is  still  a  determining  force  or 
whether  it  has  become  a  "dependent  variahle"  re¬ 
sponding  to  other  forces.  It  is  also  not  dear,  for 
example,  what  the  elfeet  would  In;  of  greatly  improv¬ 
ing  traffic  flow  in  "downtown"- -whether  the  net  in¬ 
crease  in  average  speeds  (which  would  lead  to  a 
reduction  in  pollution)  might  lie  uflsct  hv  a  corres¬ 
ponding  increase  in  traffic  volume  (attracted  by  the 
lessened  Congestion),  and  by  a  decrease  in  the  u>e 
of  public  trattvpoftalion  (because  public  transporta¬ 
tion  would  become  comparatively  less  desirable). 

Implications:  Because  the  system  is  so  complex 
and  ill-understood,  the  net  effects  of  changes  cannot 
be  determined  from  paper  studies,  Expcrimenla- 
tion  is  absolutely  necessary.  Bui  to  be  useful,  experi¬ 
mentation  must  be  carefully  planned  and  monitored 
and  the  experimental  results  must  be  carefully  col¬ 
lected  and  analyzed.  Experiments  that  are  not  de¬ 
signed  carefully  rarely  yield  meaningful  information. 

Experiments  preceded  by  careful  planning-such  as 
the  University  of  Pennsylvania-General  Motors  elec¬ 
tric  vehicle  study  for  Philadelphia  (sponsored  by 
the  Department  of  Housing  and  Urban  IX’velop- 
ment) -would  appear  to  tie  fruitful.  Further,  similar 
efforts  should  definitely  be  encouraged. 

Furthermore,  because  metropolitan  areas  are  com¬ 
plex  and  not  all  identical,  it  is  not  immediately 
obvious  what  current  conditions  may  properly  he 
assumed  as  constraints  for  future  development.  The 
more  constraints  imposed  on  technological  develop¬ 
ment.  the  more  difficult  that  development  becomes. 
Demanding  optimal  performance  in  the  current  en¬ 
vironment  of  pollution-control  technology  that  will 
operate  some  decades  hence  is  unrealistic. 

But.  because  of  the  long  times  required  for  effec¬ 
tive  development,  it  docs  not  scent  feasible  to  post¬ 
pone  selection  of  development  policies  until  all 
uncertainties  are  resolved.  The  logical,  practical 
course  is  one  of  sequential  decisionmaking:  choos¬ 
ing  alternative  paths  to  be  pursued  in  parallel,  pre¬ 
serving  as  much  freedom  of  choice  as  possihle  until 
specific  decisions  must  be  made,  and  bringing  new 
developments  t<  test  as  early  as  possible  at  each  stage 
of  the  development  program. 

Additional  Problems  For  Research 

The  following  thus  appear  to  offer  challenging  and 
important  problems  for  research: 

a.  Meteorology  and  micro-metcrology,  especially 
as  ,hey  relate  to  air  pollution,  and  to  motor  vehicle 


air  pollution  in  particular. 

b.  Chronic  and  cumulative  effects  of  pollutanti. 
especially  those  effects  that  may  not  become  notice¬ 
able  until  they  are  so  advanced  that  they  are  difficult 
to  treat. 

c  Biological  effects  of  lead  from  motor  gasolines, 
and  biological  effects  of  nitrogen  oxides, 

d.  Implications  of  new  propulsion  systems  for  city 
design  and  system  management. 

e.  Probable  interactions  between  vehicles  having 
new  propulsion  systems  and  current  cars,  especially 
w-itb  regard  to  possible  crashes  and  passenger  safety. 

f.  Control  systems  for  automated  highways,  to 
improve  driving  efficiency  and  safety. 

g.  Methods  of  monitoring  experiments,  programs, 
and  forecasts  to  collect  information  (hat  can  improve 
future  planning  and  projections. 

h.  New  systems  of  urban  transportation  which 
combine  the  best  features  of  automotive  transport 
and  mass  transit. 

Other  important  problems  fot  research  are  de¬ 
scribed  in  context  throughout  this  report. 

System  Experimentation 

It  is  frustrating  to  have  to  say  in  nearly  every 
section  "not  enough  is  known."  To  improve  this  situ¬ 
ation,  in  the  virtual  absence  of  suitable  theoretical 
foundations,  one  must  conduct  experiments.  Experi¬ 
mental  projects,  properly  framed,  can  uncover  a  lot 
of  answers  of  the  kind  likely  never  to  be  gained 
through  context-free  analysis.  For  some  of  the  prob¬ 
lems  and  uncertainties,  only  an  experimental  ap¬ 
proach  offers  much  hope  of  yielding  useful  results. 

In  considering  people's  preferences,  with  regard  to 
an  inner-city  circulation  system  using  electric  vehicles, 
for  example,  any  number  of  plausible  hypotheses  can 
be  advanced.  Current  knowledge  permits  little  pene¬ 
tration.  Thus,  to  overcome  this  impasse,  one  has  to 
try.  to  see  how  a  live  system  reacts,  The  joint  Uni¬ 
versity  of  Pennsylvania-General  Motors  project  men¬ 
tioned  above  has  plans  to  do  just  that:  to  formulate 
tentative  hypotheses  and  test  them  carefully  in  real 
situations.  Whether  or  not  it  succeeds,  similar  en¬ 
deavors  should  be  strongly  encouraged. 

We  want  to  distinguish  carefully  between  sys¬ 
tematic  experimentation  and  both  case  studies  and 
"experimental  demonstrations."  Case  studies  have 
tended  to  be  passive  descriptions  of  the  past  or  near 
past,  and  have  generally  resembled  experiments  only 
insofar  as  they  have  worked  with  “real"  data  and 
people.  Only  rarely  have  they  attempted  to  perturb 
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the  system  understudy  and  observe  its  response; only 
rarely  have  they  constructed  experimental  designs 
that  required  becoming  actively  involved  in  the  proc¬ 
esses  being  studied. 

Experimental  demonstrations,  on  the  other  hand, 
have  tended  to  the  other  extreme.  As  usually  prac¬ 
ticed  in  transportation,  they  have  involved  the  intro¬ 
duction  of  a  new  system  or  partial  system  into  an 
unstudied,  unprepared,  unplanned  context.  Many 
things  have  been  changed  simultaneously,  and  few 
have  been  measured.  Thus,  it  has  rarely  been  possible 
to  disentangle  the  half-measured  results  to  see  what 
might  have  ied  to  what,  or  what  might  have  hap¬ 
pened  if  ...  .  Too  often,  the  results  have  been  totally 
obscured  by  ostensibly  minor  failures  or  breakdowns 


that  have  led  to  apparent  failures  of  the  overall 
system. 

Experiments  in  the  sciences  and  engineering  have 
a  rather  dilTcrent  orientation,  which  we  wish  to  see 
exploited.  Even  when,  as  in  complex  technological 
systems,  underlying  processes  are  not  well  under¬ 
stood  and  conditions  may  not  be  reproducible,  sys¬ 
tematic  planning,  careful  design,  and  thoughtful 
measurement  often  lead  to  useful  results.  The  meth¬ 
ods  of  experimental  design,  system  identification,  and 
selective  confounding  of  variables  have  enabled  con- 
s (tie ruble  pfactkal  understanding  of  complex  systems 
to  be  acquired.  With  suitable  modifications,  they 
might  be  nearly  as  useful  for  treating  systems  of 
interest  in  combating  vehicular  pollution. 


Appendix  1 

Model  I:  Relating  TV  Total  Rate  Of  Vehicular  Emissions 
To  Driving  Activity  And  Vehicle  Characteristics 


Pollution  Ptr  I 'ebicle 

Different  aspects  of  driving  produce  different 
amounts  of  pollution.  Let  us  list  the  various  pol¬ 
lutants  of  interest  and  designate  the  /'h  one  on  the  list 
(/  -1,2.?....)  by  the  subscript  /.  Let  us  also  list 
the  various  distinguishable  aspects  of  driving,  and 
designate  the  A'h  one  on  this  list  by  the  additional 
subscript  k.  Now  let  us  represent  the  emission  charac¬ 
teristics  of  a  particular  vehicle  by  the  symbol  A  ,.. 
the  Mount  of  pollutant  /  emitted  per  "unit"  of  driv¬ 
ing  aspect  k.  The  unit  might  be  miles  for  steady  driv¬ 
ing  in  a  particular  speed  range,  time  for  idling,  or 
numbers  of  times  for  acceleration  and  deceleration  - 
whatever  is  technically  meaningful  to  relate  pollution 
to  the  kind  of  driving  done. 

Let  us  represent  the  extent  of  driving  (i.c.,  the 
number  of  units)  in  driving  aspect  k  by  Pt.  Since 
for  policy  it  may  be  useful  to  identify  the  location 
and  time  of  the  driving,  let  us  expand  the  representa¬ 
tion  of  driving  to  r>i(R,T),  the  extent  of  driving  in 
aspect  k  done  in  region  R  during  time  period  T. 

Then  the  quantity  of  pollutant  j  emitted  by  a  vehi¬ 
cle  in  region  R  during  time  period  T,  (JjR.T),  is 
found  by  adding  the  amounts  produced  in  each 
aspect  of  the  driving  cycle: 

QAR~T)  =  ^2A,tl\(RJ).  (E  I) 

k 

The  Vehicle  Population 

For  policy,  it  is  useful  to  distinguish  among  vehi¬ 


cles  of  different  ages  and  types.  Vehicles  produced  in 
different  years  have  had  different  initial  emission 
characteristics,  especially  in  the  years  since  California 
and  Federal  emission  standards  were  instituted.  We 
expect,  further,  that  initial  emission  characteristics 
will  continue  to  change  as  the  research  now  in  prog¬ 
ress  (and  the  research  to  come)  bears  fruit.  In  addi¬ 
tion.  it  appears  that  emission  characteristics  change 
as  vehicles  age  The  rale  of  this  change  may  depend 
upon  the  kino  of  emission  control  used  initially 
(i.c.,  how  susceptible  it  is  to  deterioration)  and  upon 
the  maintenance  the  vehicle  receives  as  it  is  used. 
The  type  of  vehicle  is  important,  of  course,  because 
vehicles  with  different  engines  will  have  different 
emission  characteristics  (types  may  be  differentiated 
in  any  way  that  is  meaningful  and  useful.) 

Let  us  list  all  the  relevant  types  of  vehicles,  and 
denote  the  mi"1  one  on  the  list  by  the  additional  sub¬ 
script  «r.  Let  us  denote  the  year  of  interest  (e.g., 
1980)  by  y,  and  the  age  of  a  given  vehicle  (in  years) 
by  u.  A  vehicle  u  years  old  in  year  y  is  said  to  have 
been  produced  in  y,.(y„ -  y  a).  In  the  year  of  in¬ 
terest,  denote  the  number  of  vehicles  a  years  old  of 
type  mi  by  /V„(y,u),  If  the  fraction  of  vehicles  of  type 
mi  surviving  a  years  is  Sm(a),*  and  the  number  of 

'Values  is)  S(u)  fur  the  total  automobile  population  are 
viien  tn  the  two  ristltl  hand  loluiiim  of  Table  IX  I  allies  foi 
trucks  (undifferentiated  by  type)  tail  be  derived  from  data  In 
Automobile  bails  and  b inures,  More  uselul,  detailed  values 
undoubtedly  exist  m  automotive  company  files, 
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type  hi  originally  produced  in  >„  is  .V.  (>,,).  tiiea 

K„(y.a)  -  S’«{y.  )S„(u).  (E  2) 

The  different  types  of  vehicles  (e  g.,  small  cars, 
medium  displacement  cars,  large  ears,  small  trucks, 
large  trucks,  buses)  have  different  emission  charac¬ 
teristics  and  are  used  and  driven  in  different  ways. 
The  emission  characteristics  further  depend  on  the 
year  the  vehicle  was  manufactured  and  its  age  in  the 
year  of  interest,  Age  probably  also  influences  the  way 
the  vehicle  is  used.  Ixt  us  represent  these  dependen¬ 
cies  by  redesignating  A,,  as  A,,*(y.a),  D,(R.T)  as 
Pl*.  (R.T;u).  md  QAR.T)  as  (?,_tK.7'.v.H).  Equa¬ 
tion  (E-l )  then  becomes 


Ql„{R,T;y,a)-'ElAlkn(y,a)Dtn(,R,T.u).  (E  3) 

t 

Emission  Characteristic s 

For  evaluating  policies,  it  is  useful  further  to  re¬ 
solve  the  factors  all  acting  emission  characteristics. 
Each  type  of  vehicle  when  originally  produced  has 
emission  characteristics  denoted  by  A,x„  (  r„0)- 
i.c.,  Altm  for  a  vehicle  0  years  old  in  year  y„.  The 
initial  "effectiveness''  of  pollution  control  for  new 
vehicles  then  can  be  represented  in  the  form 


£».(>■..  0) 


L'iSn  —  A,  i,  (i,i0) 


(E  4) 


Here  Ulln  represents  the  amount  of  pollutant  / 
emitted  in  driving  aspect  k  by  a  vehicle  of  type  m  Lav¬ 
ing  n  flution  eontrol-i.e.,  l'„*  represents  the 
uncontrolled  emissions.  If  pollution  control  were  to 
be  ineffective,  that  is,  if  A)im~  U,lm.  then  E,lm 
would  be  0.  If  pollution  control  were  to  be  totally 
effective,  i.c.,  if  AliP,  were  to  become  zero,  then 
E,im  would  be  I. 

Let  us  now  denote  the  change  of  effectiveness  with 
vehicle  aging  (ant.  maintenance)  by 


Elim(y,a,,\t)  =* EJ,,O'.10)/Jt»(£r,Af).  (E  5) 


licit  /, (,(u,A/)  dcitoirv  tins  manner  in  which  de¬ 
gradation  (or  improvement )  of  pollution-control  ef¬ 
fectiveness  varies  with  vehicle  age  and  maintenance 
policy  (M)  The  emission  characteristics  in  year  y  for 
vehicles  of  age  a  then  are  given  by 


I  -£•♦-(  w,0)  j' 


(E  6) 


7  iilal  Emissions 

The  total  emission  in  region  R  during  T  from 
vehicles  of  type  rn,  QJnl  ( R.T;y) ,  then  is  given  by 
adding  the  contributions  from  type  m  vehicles  of  ail 
ages 


Q.*{R,T\y)  =.  £  Q,„{R,T  y,a)  Nn(y.a).  (E-7) 

Adding  the  contributions  from  vehicles  of  all  types 
gives  the  total  quantity  of  pollutant  j  emitted  in 
region  R  during  time  period  f  in  year  v,  which  we 
denote  by  (?,(/?, 7\,v ): 

.>•)  =  £<?, ,,(K,r;y).  (E-8) 

Combining  equations  (E-5),  (E-6),  (E-3),  (E-2), 
(E-7),  and  (E-8)  then  yields  a  relatively  straight¬ 
forward  model  that  relates  substantive,  measurable 
quantitics-and  the  policies  affecting  them-to  the 
rate  of  pollutant  emission.  This  simple  model  can  be 
ramified  as  necessary. 

The  above  formulation  assumes  that  all  numbers 
arc  exactly  known.  In  fact,  many  of  the  quantities  are 
uncertain -because  they  are  inherently  statistical  or 
subject  to  random  fluctuations,  or  because  they  arc 
estimates  derived  from  projections  and  "best  guesses," 
These  uncertain  quantities  properly  should  be  repre¬ 
sented  by  probabilities.  Making  the  model  probabil¬ 
istic  is  straightforward  (but  lengthy),  so  that  we  will 
not  carry  out  the  extension  here. 


Appendix  2 

Model  II:  Relating  Atmospheric  Pollutant  Concentrations  To  Emission 


Rates,  Urban  Sprawl,  And 

Assumptions:  Steady-State  model,  with 

(I)  Constant  wind  velocity  (magnitude  and  direc¬ 
tion).  Wind  patterns  and  speeds  clearly  do  change, 
and  these  changes  are  critical  in  determining  pollu¬ 
tion  severity.  Yet.  assuming  const. ...l  wind  velocity 


Atmospheric  Properties 

permits  simple  analysis  of  the  model  and  offers  an 
intuitive  feeling  for  the  general  importance  of  the 

wind. 

(2)  Constant,  isotropic  atmospheric  diffusivily.  A 
serious  assumption,  but  dispersion  plays  a  minor  role 
in  this  model,  in  any  ease. 


(3)  Constant  emission  rate.  A  transient  model  incor¬ 
porating  fluctuations  in  emission  rate  is  easy  to 
develop  by  extending  this  one.  Assuming  emissions 
constant  over  time  simplifies  analysis  somewhat,  yet 
does  not  alter  emissions’  basic  role. 

(4)  Pollutant  /  removed  at  a  rate  proportional  to  its 
concentration.  Dissolution  (c.g.,  Henry's  Law)  and 
chemical  reaction  (first-order  or  pseudo-first-order 
reaction)  may  be  approximately  represented  by  this 
relation.  The  rate  docs  not  seem  likely  to  be  indep¬ 
endent  of  concentration,  and  any  other  proportion¬ 
ality  complicates  analysis. 

(5)  Perfect  vertical  mixing,  so  that  the  concentration 
is  uniform  with  altitude  in  the  “participating"  part 
of  the  atmosphere.  This  assumption  is  clearly  un¬ 
realistic.  Adding  a  vertical  gradient  would  not  alter 
the  model's  basic  results,  however,  and  would  make 
the  results  less  easily  intcrp-.etablc. 

(6)  Urban  area  (region  of  emission)  embedded  in  an 
essentially  infinite,  source-free  environment.  If  the 
urban  area  of  interest  is  not  surrounded  by  clean  air, 
we  need  only  redefine  the  area  to  include  upwind 
soutccs,  and  then  look  at  the  part  of  the  region  that 
interests  us. 

Governing  Equation:  Diffusion  equation  with  emis¬ 
sion  source 

(a)  x-axis  defined  to  be  the  direction  of  the  wind 


+A:c  =  S(A',>’)  for  pollutant  j 
Dispersion  -t-Convection  +  removal  —  emission  source 

(c)  Boundary  conditions: 

c— *0asA'±“,  y— 

This  equation  can  be  solved  easily,  but  its  solution 
can  be  difficult  to  interpret  simply.  Further  assume, 
then,  that  emissions  are  uniform  in  the  direction 
r  ndicular  to  the  wind,  i.c.,  that  S(A',y)  is  uniform 
in  ...  Then  the  equation  becomes 

(d)  -D~+V^+kc  =  S{X), 
c— *0  as  X— *  ±  ® 


Solution 

The  solution  to  equation  (d)  is 


c(X)  = 


j: 


G(X,u)S(u)du, 


where 


G(x,u)*-~-~ 

[exp  (T,  (x  —  ir))  //(u— x) +cxp  (Lj(x~  «))  H (x  -  «)] . 
( I  when  x>u 
(0  when  x<u 

/?=,(K*+4itD)l 

L,  =  ±z(V+R),  L,  =  ~(V-R) 


S{ii)  represents  the  pattern  of  emissions. 

The  solution  is  simplest  if  emissions  are  taken 
to  be  uniform  within  the  urban  area  (at  level  5)  and 
zero  outside.  To  examine  the  solution  closely,  we 
must  have  an  idea  how  large  the  key  dimensionless 
groups  arc  These  are 


I led  .  kD 

y  an“  y2  • 


Matching  this  simple  solution  against  observed 
concentrations,  emission  rates,  etc.,  we  find  relatively 
good  agreement  for  1/day,  which  seems  phys¬ 
ically  reasonable,  too;  for  an  urban  area  5  miles 
across  with  a  wind  of  10  mph,  then 


kd 

V 


S8~0'02 


For  a  diffusivity  of  10  ft2/sec  (probably  much  too 
large), 


kD 

>2 


5  X  10~7. 


Then,  to  a  very  good  degree  of  approximation, 
for  the  urban  area  (0 <X<d), 

pure  convective 
solution 

First-order  Term 
for  Dispersion 

where  c  =  x/d  is  a  dimensionless  distance.  Integra¬ 
ting  with  respect  to  r  gives  the  spatial-average  con¬ 
centration 

c  =  f[1-(S)(,“exp(-T))  +  F] 
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m 


0  he  exponential  expression  in  the  dispersion  term  is 
negligible.) 

Taking  partial  derivatives  then  yields  the  sen¬ 
sitivity  of  the  average  concentration  to  each  of  the 
variables. 


It  is  interesting  to  note  that  for  small  vatucs  of 
(kd/V)t 


which  makes  the  sensitivities  clear. 


Ap!  ndix  3 


Shifting  Demand  To  Mass  Transportation 

Although  patronage  of  transit  systems  has  declined 
in  recent  decades,  public  policies  may  be  capable  of 
checking  (and  in  some  eases  of  reversing)  this  trend; 
however,  it  docs  not  appear  that  these  changes  can 
be  accomplished  at  low  cost.  Where  transit  may 
be  successful  in  attracting  riders  in  large  numbers, 
reductions  in  air  pollution  may  be  measurable. 

Trends  hi  Use  Of  Transit 

The  automobile  has  assumed  a  centra!  position  in 
urban  transportation.  Offering  convenience,  flexi¬ 
bility  and  privacy,  it  has  not  only  attracted  most  of 
the  new  travellers,  but  also  made  strong  inroads  into 
transit's  traditional  markets.  Despite  phenomenal 
urban  population  growth  in  the  1950’s  and  60’s, 
patronage  of  transit  declined  from  12.9  billion  rev¬ 
enue  passengers  in  1951  to  7.2  billion  ten  years 
later.  Many  companies  went  out  of  business.  Average 
annual  profits  nationally  shrank  from  4.6  per  cent 
to  1 .4  per  cent  of  revenue. 

The  competition  of  the  automobile  was  felt  partic¬ 
ularly  hard  during  the  “off-peak”  hours,  those  times 
of  the  day  other  than  the  two  hours  in  the  morning 
and  another  two  in  the  afternoon  when  most  com¬ 
muters  go  to  and  from  work.  As  relatively  high 
levels  of  commuter  service  were  utilized  for  only 
about  20  hours  a  week,  with  much  of  the  equipment 
and  labor  lying  idle  the  rest  of  the  time  as  off-peak 
patronage  declined,  transit  found  its  profits  decreas¬ 
ing  or  experienced  deficits.  To  meet  these  situations, 
companies  turned  to  large  fare  increases.  On  the 
Consumer  Price  Index,  transit  fares  doubled  between 
1950  and  1963,  compared  to  a  rise  of  only  25  per 
cent  in  general  or  automobile  cost  levels.  These  fare 
increas -s  accelerated  the  displacement  of  transit  by 
the  automobile,  though  probably  not  to  a  significant 
degree. 

The  increasingly  dispersed  urban  living  and  occu¬ 
pational  locations  which  the  automobile  helped  bring 


about  also  hurt  transit,  particularly  in  terms  of  pro¬ 
viding  service  to  new  urban  dwellers  and  new 
business  areas.  Traditional  transit  modes  such  as 
commuter  railroads,  streetcars  and  subways  de¬ 
pended  upon  high  population  concentrations  and 
riders  who  wanted  to  travel  from  a  few  origins  to  a 
I  w  destinations  at  the  same  time.  Even  buses,  which 
arc  more  flexible,  had  difficulty  in  realigning  their 
operations  to  provide  attractive  and  economical  serv¬ 
ice  to  passengers  who  wanted  to  depart  from  and 
arrive  at  many  different  locations. 

The  Potential  For  Improving  Transit's 
Attractiveness 

Several  schools  of  thought  have  arisen  about  the 
function  and  future  need  for  transit  in  urban  areas. 
What  seems  clear  from  these,  in  spite  of  their  differ¬ 
ences,  is  that 

-Transit  will  continue  to  exist  in  most  urban 
areas  because  it  fulfills  certain  vital  functions  which 
cannot  be  performed  as  satisfactorily  by  the  auto¬ 
mobile  or  other  existing  modes,  and 

-Transit  can  be  made  more  attractive  to  potential 
riders  by  infusions  of  new  public  policies,  operating 
techniques  and  technology  that  will  lead  to  markedly 
improved  door-to-door  service. 

In  recognition  of  these  main  points  of  consensus, 
many  cities  and  states  in  recent  years  have  created 
public  bodies  to  own,  operate  or  stimulate  improve¬ 
ment  of  transit  systems.  In  addition,  the  Federal 
Government  initiated  an  Urban  Mass  Transportation 
program  in  1961,  assigned  to  the  Department  of 
Housing  and  Urban  Development,  which  has  grown 
to  encompass  a  spectrum  of  research,  demonstration, 
planning  and  capital  assistance,  and  manpower  train¬ 
ing  activities. 

Assisted  by  Federal  financial  aid,  a  number  of 
urban  arcus  have  invested  in  new  equipment,  im¬ 
proved  stations  and  stops,  constructed  park-and-ride 
facilities,  and  have  experimented  with  new  techni¬ 
ques  for  providing  service  and  managing  transit 
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operations.  Such  actons  have  sometimes  reversed 
or  at  least  halted  downward  patronage  trends. 

Mass  transit  by  its  very  nature  was  unable  to  offer 
the  schedule  roc  and  route  flexibility  of  the  auto¬ 
mobile.  Nor  could  it  provide  certain  psychological 
satisfactions  such  as  privacy  and  the  feeling  of  per¬ 
sonal  control  over  one's  environment  which  the  auto 
offers.  What  it  has  been  abV  to  provide  in  some  in¬ 
stances  is  time  and  cost  savings,  the  latter  usually 
in  terms  of  traveler  out-of-pc-kct  expenses 

Total  time  savings  appear  to  tv  particularly  im¬ 
portant  in  inducing  people  to  use  one  or  another 
mode  of  transport.  When  transit  is  convenient,  fre¬ 
quent  and  rapid,  it  may  provide  substantial  door-to- 
door  time  savings  over  the  automobile,  especially  to 
riders  with  destinations  where  parking  is  inconvenient 
or  scarce,  or  there  is  a  high  density  of  activity, 

Possible  Future  Directions  In  Transit 

The  Federal  Government  is  currently  committed 
to  improvement  of  urban  transit.  Moreover,  in  a 
1966  amendment  of  the  Urban  Mass  Transportation 
Act,  the  Congress  directed  the  Department  of  Hous¬ 
ing  and  Urban  Development  to  submit  a  long-range 
program  proposal  to  the  President  and  the  Congress 
not  later  than  March,  I96t>,  which  will  bring  into 
being  "new  systems"  of  urban  transportation.  HUD 
is  engaged  now  in  a  number  of  urban  transportation 
studies,  on  which  approximately  $3.5  million  is  being 
expended. 

Within  the  newly  created  Department  of  Trans¬ 
portation,  the  Federal  Highway  Administration 
(which  encompasses  the  Bureau  of  Public  Roads) 
and  the  Federal  Railroad  Administration  are  both 
carrying  forward  research  activity  which  may  con¬ 
tribute  to  improvement  of  urban  transit. 

It  seems  safe  to  assume  that  higher  priority  will 
be  given  to  improvement  of  traffic  flow  for  transit 
vehicles  on  urban  streets  and  freeways,  and  that  this 
will  result  in  higher  performance  local  and  express 
buses  offering  considerably  improved  service.  Where 
transit  systems  in  recent  years  have  begun  to  operate 
express-type  services,  there  has  usually  been  a  favor¬ 
able  public  response. 

In  the  past,  most  highway  designers  and  traffic 
engineers  have  tended  to  assign  all  vehicles  equal 
weight  and  to  maximize  total  vehicle  movement. 
This  emphasis  tends  to  encourage  automobi!  use 
and  ignores  the  question  of  whether  different  kinds 
of  vehicles  confer  different  benefits  at  different  times 
of  the  day.  An  alternative  traffic  control  approach 
might  be  adopted  which  would  change  the  mix  of 


vehicles  in  the  traffic  stream  during  peak  commuting 
hours.  The  proportion  of  buses  would  be  increased 
in  the  traffic  stream  and  both  auto  and  bus  average 
speeds  could  rise  substantially.  Although  this  might 
lead  to  small  delays  for  automobiles  waiting  to  enter 
the  faster  moving  facility,  there  is  also  the  possibility 
that,  with  the  performance  of  buses  enhanced,  a  large 
number  of  current  auto  users  would  switch  to  transit 
and  free  the  road  for  others  who  continued  to  use 
cars.  Studies  which  explore  this  possibility  would  be 
desirable. 

High  priority  in  the  near  term  should  also  be 
given  to  steps  which  provide  tighter  linkages  between 
the  automobile  and  transit,  so  that  the  advantages 
of  each  mode  can  be  put  to  best  use.  Provision  of 
ample  parking  space  has  been  one  of  the  contributing 
factors  in  attracting  former  auto  commuters  to  transit 
for  part  of  their  trip.  It  has  allowed  them  to  use  their 
ears  for  movement  in  the  dispersed  suburban  resi¬ 
dential  area,  but  has  encouraged  use  of  transit  to 
traverse  more  congested  or  densely  populated  areas. 
(Such  parking  space  is  not  costless,  and  represents 
a  subsidy  that  must  be  weighed  against  the  benefits 
it  yields.) 

Although  park-and-ride  facilities  have  become 
more  common,  they  arc  still  relatively  few  and  far 
between.  Almost  none  exist  to  provide  links  between 
auto  and  express  bus  services.  Public  policies  can 
alter  this  situation. 

Business  district  fringe  parking,  tied  in  with 
convenient  shuttle  transit  which  connects  the  parking 
lots  to  the  business  area  and  also  provides  quick  and 
attractive  circulation  with  the  area,  is  a  similar  meas¬ 
ure  which  could  be  brought  into  being  in  many  urban 
areas. 

These  and  similar  changes  in  traffic  management 
deserve  serious  study,  since  they  apparently  offer 
other  potential  benefits  to  urban  transportation.  From 
the  standpoint  of  pollution  control,  their  effect  should 
be  to  reduce  the  net  amount  of  pollutant  per  traveller 
per  mile  or  minute  of  travel,  without  increasing  the 
price  to  him  of  using  the  transportation  system.  In¬ 
deed,  a  shift  to  transit  should  lower  the  individual’s 
total  out-of-pocket  transportation  cost  for  a  given 
unit  of  travel. 

On  the  horizon  arc  possible  technological  changes 
in  urban  transit.  Of  particular  interest  are  those  con¬ 
cepts  which  modify  the  automobile  to  give  it  charac¬ 
teristics  of  a  transit  vehicle. 

The  Urbraobilc  concept  envisions  a  small,  limited 
r  irmancc  car-type  vehicle  which  can  operate  both 
on  regular  city  streets  and  on  special  high-speed, 
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automatic  "guldeways,"  On  the  street  it  is  under  the 
Jiivui '»  control  and  has  a  fairly  low  top  speed.  When 
it  enters  the  guideway,  a  central  source  of  control 
and  power  takes  over,  so  that  high  speeds  and  close 
spacing  can  lie  attained.  Such  vehicles  might  he  pri¬ 
vately  owned,  but  might  also  be  merely  paid  for  dur¬ 
ing  use,  in  which  ease  the  local  operator  of  the 
euideway  system  would  own  them. 

Since  the  concept  docs  not  require  high  perform¬ 
ance  capability  od  the  guideway,  an  urbmobilc  would 
not  need  high  power  or  energy  capacity.  Assuming 
the  overall  system  concept  has  merit,  it  should  be 
possible  to  develop  adequate  power  sources  for  such 
low-emission  vehicles  within  a  relatively  short  time. 

An  alternative  concept  involves  a  piggy-back  ap¬ 
proach.  Automobiles,  smalt  buses,  and  even  pas¬ 
senger  pods  would  ride  on  pallets  which  move  at 
high  speed  under  computer  control  on  a  specially 
designed  guideway.  During  the  ride  it  would  not  be 
necessary  for  the  vehicle's  engine  to  operate. 

Conclusions 

The  feasibility  of  attracting  a  higher  proportion 
of  travellers  to  transit  needs  to  be  demonstrated  and 
analyzed  more  carefully.  There  may  be  some  (though 
apparently  not  major)  advantages  to  pollution  con¬ 
trol  in  encouraging  such  diversion,  aside  from  other 
advantages  which  increased  transit  use  may  have  for 


urban  areas. 

T'  ansit  itself  contributes  little  quantitatively  to  air 
pollution,  although  what  it  docs  contribute  is  often 
conspicuous.  Most  rail  transit  is  electric.  Diesel  pow¬ 
ered  buses  emit  certain  undesirable  pollutants,  but  on 
a  per  passenger-mile  basis  these  arc  only  a  fraction  of 
automobile  pollution,  as  annoying  as  they  often  arc  to 
those  near  buses  In  traff  ic.  Noise  and  odcr  have  not 
been  overcome,  but  development  and  adoption  of 
less-  or  non-polluting  power  sources  for  buses  may  be 
easier  than  the  corresponding  task  for  automobiles. 

The  Federal  and  many  local  governments  have 
already  begun  to  undertake  transit  improvement  pro¬ 
grams.  Acceleration  of  these  to  obtain  quicker  re¬ 
sults  appears  to  be  desirable. 

Achievement  of  traffic  improvement  measures, 
which  provide  incentives  for  increased  transit  use 
and  closer  auto-transit  linkages  where  they  arc  appro¬ 
priate,  depends  less  upon  increased  Federal  funding 
than  upon  policy  refinements.  What  is  needed  from 
the  Federal  government,  in  joint  action  by  the  De¬ 
partment  of  Housing  and  Urban  Development  and 
the  Department  of  Transportation  is  a  clear  policy 
expression  of  the  importance  of  traffic  and  highway 
design  measures,  and  a  shift  in  research  and  demon¬ 
stration  priorities,  to  obtain  knowledge  more  rapidly 
about  the  appropriate  use,  costs  and  benefits  of  these 
measures. 
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